
Mpilll 








iipfiii 

#«i 

■HHi 


■mSlIaiBBI - , 1 

HhBMMssm 


wmim 


MMHH 


«PP PSp^p 3gMaSsM : 


WSm 

IHIS 


L O A D E S T I M A T I N G 










(ndej 
















K«£ 

WBMk 


•----... 
-\: v 


18WSS1 


Mil 




- T .. . r ■ ,’ c - ■ '.V#-- 5 . 'V.li^prf 


^Pi 


Ipfl^ 

; equipment selection. . -K ; ' 


solar heat gain-glass 




heat and moisture flow 




■a® 


© Carrier Corporation 1960 
Eighth Printing 1968 
Ninth Printing 1972 


{510304) 





















1-1 


CHAPTER L BUILDING SURVEY AND LOAD ESTIMATE 


The primary function of air conditioning is to 
maintain conditions that are (1) conducive to 
human comfort, or (2) required by a product, or 
process within a space To perform this function, 
equipment of the proper capacity must be installed 
and controlled throughout the year The equipment 
capacity is determined by the actual instantaneous 
peak load requirements; type of control is deter¬ 
mined by the conditions to be maintained during 
peak and partial load. Generally, it is impossible to 
measure either the actual peak or the partial load 
in any given space; these loads must be estimated 
It is for this purpose that the data contained in Part 
1 has been compiled 

Before the load can be estimated, it is impera¬ 
tive that a comprehensive survey be made to assure 
accurate evaluation of. the load components If the 
building facilities and the actual instantaneous load 
within a given mass of the building are carefully 
studied, an economical equipment selection and sys¬ 
tem design can result, and smooth, trouble free per¬ 
formance is then possible 

The heat gain or loss is the amount of heat in¬ 
stantaneously coming into or going out of the space 
The actual load is defined as that amount of heat 
which is instantaneously added or removed by the 
equipment.. The instantaneous heat gain and the 
actual load on the equipment will rarely be equal, 
because of the thermal inertia or storage effect of 
the building structures surrounding a conditioned 
space.. 

Chapters 2, 4, 5, 6, and 7 contain the data from 
which the instantaneous heat gain or loss is esti¬ 
mated.. Chapter 3 provides the data and procedure 
for applying storage factors to the appropriate heat 
gains to result in the actual load Chapter 8 provides 
the bridge between the load estimate and the equip¬ 
ment selection.. It furnishes the procedure for estab¬ 
lishing the criteria to fulfill the conditions required 
by a given project. 

The basis of the data and its use, with examples, 
are included in each chapter with the tables and 
char ts; also an explanation of how each of the heat 
gains and the loads manifest themselves. 


BUILDING SURVEY 

SPACE CHARACTERISTICS AND HEAT LOAD 
SOURCES 

An accurate suivey of the load components of the 
space to be air conditioned is a basic requirement 
for a realistic estimate of cooling and heating loads 
The completeness and accuracy of this survey is the 
very foundation of the estimate, and its importance 
can not be overemphasized Mechanical and archi¬ 
tectural drawings, complete field sketches and, in 
some cases, photographs of important aspects are 
part of a good survey The following physical aspects 
must be considered: 

1. Orientation of building \ location of the 
space to be air conditioned,with respect to: 

a) Compass points — sun and wind effects. 

b) Nearby, permanent structures — shading 

•>- ^effects ;;:<:i ■ ; }':&&■' 

c) Reflective surfaces -- water, sarid, parking 
lots, etc 

2 Use of space(s) — Office, hospital, department 

i store, specialty shop, machine shop, factory, 

• assembly plant, etc *•’ 

3. Physical dimensions of space(s) — Length, 
width, and height. 

4 Ceiling height — Floor to floor height, Hoot to 
ceiling, clearance between suspended ceiling 
and beams 

5 Columns and beams — Size, depth, also knee 
braces. 

6. Construction mater ials ~ Materials and thick¬ 
ness of walls, roof, ceiling, floors and parti 
tions, and their relative position in the struc¬ 
ture, 

7.. Surrounding conditions — Exterior color of 
walls and roof, shaded by adjacent building 
or sunlit.. Attic spaces — unvented or vented, 
gravity or forced ventilation Surrounding 
spaces conditioned or unconditioned — tem¬ 
perature of non-conditioned adjacent spaces, 
such as furnace or boiler room, and kitchens 
Floor on ground, crawl space, basement.. 

8.. Windows — Size and location, wood or metal 
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PART 1. LOAD ESTIMATING 


sash, single or double hung Type of glass — 
single or multipane. Type of shading device. 
Dimensions of reveals and overhangs 
9 Doors — location, type, size, and frequency of 
use. 

10 Stairways, elevators, and escalator s — Location, 
temperature of space if open to uncondi¬ 
tioned area.. Horsepower of machinery, ven¬ 
tilated or not. 

11 People — Number, duration of occupancy, 
nature of activity, any special concentration 
At times, it is required to estimate the number 
of people on the basis of square feet per per¬ 
son, or on average traffic. 

12. Lighting — Wattage at peak Type — incan¬ 
descent, fluorescent, recessed, exposed If the 

( lights are recessed, the type of aii flow over 

the lights, exhaust, return or supply, should 
be anticipated. At times, it is required to esti¬ 
mate the wattage on a basis of watts per sq ft, 
due to lack of exact information 

13. Motors — Location, nameplate and brake 
horsepower, and usage The latter is of great 
significance and should be carefully evalu¬ 
ated 

The power input to electric motors is not 
necessarily equal to the rated horsepower di¬ 
vided by the motor efficiency, frequently these 
motors may be operating under a continuous 
overload, or may be operating at less than 
rated capacity It is always advisable to meas¬ 
ure the power input wherever possible This 
is especially important in estimates for indus¬ 
trial installations where the motor machine 
load is normally a major portion of the cool- 
{ ingload. 

14 Appliances, business machines, elects omc 
equipment — Location, rated wattage, steam 
or gas consumption, hooded or unhooded, ex¬ 
haust air quantity installed or required, and 
usage 

Greater accuracy may be obtained by measur¬ 
ing the power or gas input during times of 
peak loading The regular service meters may 
often be used for this purpose, provided power 
or gas consumption not contributing to the 
room heat gain can be segregated. 

Avoid pyramiding the heat gains from various 
appliances and business machines., for exam¬ 
ple, a toaster or a waffle iron may not be used 
during the evening, or the fry kettle may not 
be used during morning, or not all business 


machines in a given space may be used at the 
same time. 

Electronic equipment often requires individ¬ 
ual air conditioning The manufacturer’s 
l ecommendation for temperature and humid¬ 
ity variation must be followed, and these re¬ 
quirements are often quite stringent.. 

15. Ventilation — Cfm per person, cfm per sq ft, 
scheduled ventilation (agreement with pur¬ 
chaser), see Chapter 6 Excessive smoking or 
odors, code requirements Exhaust fans —type, 
size, speed, cfm delivery. 

16. Thermal storage — Includes system operating 
schedule (12, 16 or 24 hours per day) specifi¬ 
cally during peak outdoor conditions, permis¬ 
sible temperature swing in space during a 
design day, rugs on floor, nature of surface 
materials enclosing the space (see Chapter 3). 

17. Continuous or intermittent operation — 
Whether system be required to operate every 
business day during cooling season, or only 
occasionally, such as churches and ballrooms. 
If intermittent operation, determine duration 
of time available for precooling or pulldown 

LOCATION OF EQUIPMENT AND SERVICES 

The building survey should also include informa¬ 
tion which enables the engineer to select equipment 
location, and plan the air and water distribution 
systems The following is a guide to obtaining this 
information: 

1 Available spaces — Location of all stairwells, 
elevator shafts, abandoned smokestacks, pipe 
shafts, dumbwaiter shafts, etc, and spaces for 
air handling apparatus, refrigeration ma¬ 
chines, cooling towers, pumps, and services 
(also see Item 3) 

2 Possible obstructions — Locations of all elec¬ 
trical conduits, piping lines, and other ob¬ 
structions or interferences that may be in the 
way of the duct system. 

3 Location of all fire walls and partitions — 
Requir ing fire dampers (also see Item 16).. 

4. Location of outdoor air intakes — In reference 
to street, other buildings, wind direction, dirt, 
and short-circuiting of unwanted contami¬ 
nants. 

5.. Power service — Location, capacity, current 
limitations, voltage, phases and cycle, 3 or 4 
wire; how additional power (if required) may 
be brought in and where 

6 Water service — Location, size of lines, ca- 
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parity, pressure, maximum temperature 

7 Steam service — Location, size, capacity, tern-: 
perature, pressure, type of return system 

8 Refrigeration, brine or chilled water (if fur¬ 
nished by customer)—Type of system, capacity, 
temperature, gpm, pressure 

9 Architectural characteristics of space — for 
selection of outlets that will blend into the 
space design 

10 Existing air conveying equipment and ducts — 
For possible reuse 

11 Drains — Location and capacity, sewage dis¬ 
posal 

12 Control facilities — Compressed air source and 
pressure, electrical. 

13 Foundation and support — Requirements and 
facilities, strength of building 

14 Sound and vibration control requirements — 
Relation of refrigeration and air handling 
apparatus location to critical areas, 

15 Accessibility for moving equipment to the 
final location — Elevators, stairways, doors, 
accessibility from street 

16, Codes, local and national — Gover ning wir ing, 
drainage, water supply, venting of refrigera¬ 
tion, construction of refrigeration and air 
handling apparatus rooms, ductwork, fire 
dampers, and ventilation of buildings in gen¬ 
eral and apparatus rooms in particular 

AIR CONDITIONING LOAD ESTIMATE 

The air conditioning load is estimated to provide 
the basis for selecting the conditioning equipment. 
It must take into account the heat coming into the 
space from outdoors on a design day, as well as the 
heat being generated within the space A design day 
is defined as: 

L. A day on which the dry- and wet-bulb tempera¬ 
tures are peaking simultaneously ( Chapter 2, 

“.Design Conditions”). 

2 A day when there is little or no haze in the air 
to reduce the solar heat (Chapter 4, “Solar Heat 
Gain T hru Glass'”) 

3 All of the internal loads are normal ( Chapter 
7, “Internal and System Heat Gain”). 

The time of peak load can usually be established 
by inspection, although, in some cases, estimates 
must be made for several different times of the day, 

Actually, the situation of having all of the loads 
peaking at the same time will very rarely occur.. To 
be realistic, various diversity factors must be applied 


to some of the load components; refer to Chapter 3, 
‘‘Heat Storage, Diversity, and Stratification ” 

The infiltration and ventilation air quantities are 
estimated as described in Chapter 6 

Fig 1 illustrates an air conditioning load estimate 
form arid is designed to permit systematic load eval¬ 
uation This form contains the references identified 
to the particular chapters of data and tables required 
to estimate the various load components.. 

OUTDOOR LOADS 

The loads from outdoors consist of: 

I The sun rays entering windows — Table 13, 
pages 4449 , and Table 16, page 52, provide 
data from which the solar heat gain through 
glass is estimated 

The solar heat gain is usually reduced by 
means of shading devices on the inside or out¬ 
side of the windows; factors are contained in 
Table 16 In addition to this reduction, all or 
part of the window may be shaded by reveals, 
overhangs, and by adjacent buildings Chart 1, 
page 57, and Table 18, page 58, provide an 
easy means of determining how much the 
window is shaded at a given time 
A large por tion of the solar heat gain is radiant 
and will be partially stored as described in 
Chapter 3 Tables 7 thru 11, pages 30-34, pro¬ 
vide the storage factors to be applied to solar 
heat gains in order to arrive at the actual 
cooling load imposed on the air conditioning 
equipment These storage factors are applied to 
peak solar heat gains obtained from Table 6, 
page 29, with overall factors from Table 16, 
page 52 

2 The sun rays striking the tualls and roof— 
These, in conjunction with the high outdoor 
air temperature, cause heat to flow into the 
space.. Tables 19 and 20, pages 62 and 63, pro¬ 
vide equivalent temperature differences for 
sunlit and shaded walls and roofs. Tables 21, 
22, 23, 24, 25, 27, and 28, pages 66-72, provide 
the transmission coefficients or rates of heat 
flow for a variety of roof and wall constructions. 

3 The air temperature outside the conditioned 
space ~ A higher ambient temperature causes 
heat to flow thru the windows, partitions, and 
floors J ables 25 and 26, pages 69 and 70, and 
Tables 29 and 30, pages 73 and 74, provide 
the transmission coefficients. The temperature 
differences used to estimate the heat flow thru 
these structures are contained in the notes after 
each table 
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PARI ] LOAD ESTIMATING 


CHAP 

REF 


TABLE REFERENCES 


CHAP 

REF 


TABLE REFERENCES 


Area or 
Quantity 

Sun Gain or 
Temp. Diff. 

Factor 

T 

| Estimate for 

Local Tire 
S un Time 

Peak Load 

Local Time 
Sum time 






SOI.AR GAIN—GLASS 

Glass f With 1 Sq Ft xTTbls 6&7 8 t X 

- I — -“I 9.10 oh 1! ! — 

Glass'. Storage J So Ft XL pp 29-34 J x 


Skylight 


-i 

So Ft x 

Without 

Storage 

So Ft x 

Ft V 


Tbl 15 

pp 44 49 


Tbls 16 17 1 
pp 52 54 

Tbl 15 Corr 

PP 44 49 


SOLAR Cr TRANS GAIN—WALLS Cr ROOF 


Wall 

So Ft X 


-4 Tbls 21 22 , 
-^23 24 OR 25 i 

-4- F F 66-69 

X- J 

Wall 

Sq Ft x 

Tbl 19 

Wall 

Sq Ft X 

P 62 

Wall 

sq Ft x 

j 

Roof—Sun 

Sq Ft x 

Tbl 20 1 

xf Tbls 27 28 ] 

Roof—Shaded 

So Ft x 

p 63 J 

~A 71,72 J 

TRANS 

GAIN—EXCEPT WALLS 

r ROOF 

All Glass 

Sq ft x 

Note 1 

X Tbl 33p76 

Partition 

SQ FT X Notes, pp 69.70X T ®o S K 25 7n 6 

Ceiling 

So Ft x 

Notes 

1 X f'TSL 29 OK 30 

Floor 

SO FTX 

pp 73.74 

J X L ft 73.74 


Infiltration Note 4 Cfm x 


Note 1 


INTERNAL HEAT 

People X 


Tbls 14.48 
PP 38.100 


Power 


HP OK KW X Tbl 53 p 105 

Lights 


Tbls 12,14.49 
Watts X 3.4 X pp.ss.sb.ioi 

Appliances. Ere. 

Tbls 50-52 pp 101-103 x f 

Additional Heat Gains Tbls 54-57 pp 107-109 x 

_1 

r TEMP Swing! Subtotal 

Storage 

so Ft xl 

LTbl 14 p 38 j x (- T » oo 3 ) 

Sub Total 

safety Factor p 113 % 


ROOM 

SENSIBLE HEAT* 

supply Ct i A i ' , .n 3 Supply ... 

DUCT p 110 duct p 110 

meet Gain % + Leak. Loss 

Tbl 59 

FAN p 111 
% + H. P. % 

Outdoor Air Note 3 

CFM X 

NOTE 1 F X P 121 BF X 1.08 

EFFECTIVE 

ROOM 

SENSIBLE HEAT* 


LATENT 

HEAT 

Infiltration Note 4 

CFM 

x Note 2 gk/lb X o.es 

People 

PEOPLE 

X Tbls 14.48; pp 36.100 

Steam p 107 

LK/HK 

X 1050 


Appliances, etc.Tbls 50-52 pp 101-103 x Corr Below Tbls 


Additional Heat Gains Tbl 58 p 109 


Vapor Trans. 


Sa ft X i/ioo X Note 2 g»/l» X Tbl 40 p 84 


Sub Total 


Safety Factor * 113 


% 


ROOM LATENT HEAT 


SUPPLY DUCT LEAKAGE LOSS p HO 


% 


Outdoor Air Note 3 Cfm xNote 2 g»/Lb X p 121 bf x o.sa 


EFFECTIVE ROOM LATENT HEAT 


_ EFFECTIVE ROOM TOTAL HEAT * 

OUTDOOR AIR HEAT 

SENSIBLE: NoTE 3 CFH X No7E 1 F X (1 —? 121 BF) X 1-08^ 


LATENT: NOTE 3 CFM #°TE 2 Gk/Lk X (1 —t21 BF1 X 0.68 . 


RETURN CHARTS RETURN TBL 60 

Duct f HO duct P 112 HP P 113 _ . ... 

heat Gain % + Leak. Gain % + Pump % + Pipe lo« % 


Sub ToTal 

dehum. a p U3 


GRAND TOTAL HEAT ■ 


Hours of Operation 


CONDITIONS ! D8 


Outdoor (OA) 


Room (RM) 


Tbls t-3 


p 20722, 


XXX 


% RH 


XXX I X X X 


Gr/Lb 


Venti- 

lation 


Infil¬ 

tration 


ESHF 


Temp 

Rise 


Dehum 

CFM 


Outlet 

Temp. 

Diff 


Supply 

CFM 


Bypass 

CFM 


EDB 


LDB 


OUTDOOR AIR 

f Tbl 4 5 1 

—People X j | _Cfk/Pekson =. 

I P 97 J 

_SqFt X_ Cfn/So ft =. 


Cfm Ventilation 


Swinging 

Revolving DOORS— 


Open Doors. 


Tbl 411 


$ 

CM./DOO,,=. 


Cfk/Pekson = . 


Exhaust Fan. 
Cracx_ 


Tbls 46.47; p 98 


.FEET X 


Tbl 44 p 95 


Cfm Infiltration iJ- eL 42 ? 92 


CFM OUTDOOR AIR THRU APPARATUS M_ Ng? E_3_ Cfm. 


APPARATUS DEWPOINT 

_ Effective Ro o m Sens. Heat 

Effective Room Total Heat 
Tbl'Ss'p 145 OR Psych Chart Fig 33 p 116 


effective 
SENS HEAT = 
FACTOR 


INDICATED ADP = . 


SELECTED AOP =. 


DEHUMIDIFIED AIR QUANTITY 

P 121 

(1--BF) X (T rm -F-T*„-F) = 


Effective Room Sens. Heat _ 


1 08 

X 

F TEMP USE 

Room Sens. Heat 

1.08 

X 

Cfm ba 


SUPPLY AIR QUANTITY 
. Room Sens. Heat 

1 OB 

X 

l 7 OtSIKf 0 BIFF 


Cfm 

JA --Cfm oa =_ 


-Cfm, 


F(RM-OUTLlT AIN J ’ 


.Cfm. 


.Cfm, 


RESULTING ENT Cr LYG CONDITIONS AT APPARATUS 

Cfm 

t *m -F + P i2>5 cfmF * (T ° a - F—T «M- F) - t eu»— F 

p 121 


.-F+-BF X a t0 ,-F - T A 


FROM PSYCH CHART: T £WB _ 


-F T. 


-F) = T ldb . 
_F 


NOTES 


1 Use Dry-Bulb (obi Temperature Difference from Top of Estimate 
Form. 

2 Use Moisture Content cgr/lbj Difference from Top of Estimate 
Form. 

3. Normally. Use "Cfm Ventilation" for "Cfm Outdoor Air..' How. 
ever. When Infiltration Is To Be Offset. Refer To Page 92 To 
Determine -Cfm Outdoor Air." 

4 When Infiltration is NOT to be Offset and ' Cfm Ventilation 
is LESS than "Cfm Infiltration ’ then the Excess Infiltration 
is Accounted for here. 


if trii At i« too mi«m imum imffit e. 

Q CAM (I IT PQIHUU. 

twMCM BYPAlSNC A KIZTUAC 0 1 OUTDOOR AMD X«TU> 
WKIK ItMSSSNG ICrUtM AH OKLT, Ul£ DIXUMlflf 


Sint to utr/tMt 


use SUPPLT I 


IT SUPPLY Al* 


With Carrier Masthead Form £20 Without Carrier Masthead Form E5024 

Pig. 1 — Air Conditioning Load Estimate 






CHAPTER 1 BUILDING SURVEY AND LOAD ESTIMATE 


1-5 


4.. The air vapor pressure — A higher vapor 
pressure surrounding conditioned space causes 
water vapor to flow thru the building mate¬ 
rials.. This load is significant only in low dew¬ 
point applications The data required to esti¬ 
mate this load is contained in Table 40, page 
84 In comfoit applications, this load is neg¬ 
lected . 

5 The wind blowing against a side of the build¬ 
ing —Wind causes the outdoor air that is higher 
in temperature and moisture content to infil¬ 
trate thru the cracks around the doors and 
windows, resulting in localized sensible and 
latent heat gains. All or part of this infiltration 
may be offset by air being introduced thru the 
apparatus for ventilation purposes. Chapter 6 
contains the estimating data 

6 Outdoor air usually required for ventilation 
purposes — Outdoor air is usually necessary to 
flush out the space and keep the odor level 
down This ventilation air imposes a cooling 
and dehumidifying load on the apparatus be¬ 
cause the heat and/or moisture must be 
removed Most air conditioning equipment 
permits some outdoor air to bypass the cooling 
surface (see Chapter 8). This bypassed outdoor 
air becomes a load within the conditioned 
space, similar to infiltration; instead of coming 
thru a crack around the window, it enters the 
room thru the supply air duct. The amount 
of bypassed outdoor air depends on the type 
of equipment used as outlined in Chapter 8. 
Table 45, page 97, provides the data from which 
the ventilation requirements for most comfort 
applications can be estimated 

The foregoing is that portion of the load on the 
air conditioning equipment that originates outside 
the space and is common to all applications 

INTERNAL LOADS 

Chapter 7 contains the data required to estimate 
the heat gain from most items that generate heat 
within the conditioned space. The internal load, or 
heat generated within the space, depends on the 
character of the application Proper diversity and 
usage factor should be applied to all internal loads 
As with the solar heat gain, some of the internal 
gains consist of radiant heat which is par tially stored 
(as described in Chapter 3), thus reducing the load 
to be impressed on the air conditioning equipment. 

Generally, internal heat gains consist of some or 
all of the following items: 

1. People — The human body thru metabolism 


generates heat within itself and releases it by 
radiation, convection, and evaporation from 
the surface, and by convection and evaporation 
in the respiratory tract. The amount of heat 
generated and released depends on surround¬ 
ing temperature and on the activity level of the 
person, as listed in Table 48, page 100. 

2. Lights — Illuminants convert electrical power 
into light and heat (refer to Chapter 7) Some 
of the heat is radiant and is partially stored 
(see Chapter 3). 

3 Appliances - Restaurants, hospitals, labora¬ 
tories, and some specialty shops (beauty shops) 
have electiical, gas, or steam appliances which 
release heat into the space.. T ables 30 thru .52, 
pages 101-103, list the recommended heat gain 
values for most appliances when not hooded.. If 
a positive exhaust hood is used with the ap¬ 
pliances, the heat gain is reduced.. 

4 Electric calculating machines — Refer to manu¬ 
facturer’s data to evaluate the heat gain from 
electric calculating machines Normally, not 
all of the machines would be in use simulta¬ 
neously, and, therefore, a usage or diversity 
factor should be applied to the full load heat 
gain. The machines may also be hooded, or 
partially cooled internally, to reduce the load 
on the air conditioning system.. 

5 Electr ic motors - Electric motors are a signifi¬ 
cant load in industrial applications and should 
be thoroughly analyzed with respect to operat¬ 
ing time and capacity before estimating the 
load (see Item 13 under “Space Character¬ 
istics and Heat Load Sources”) It is frequently 
possible to actually measure this load in exist¬ 
ing applications, and should be so done where 
possible Table 53, page 105, provides data for 
estimating the heat gain from electric motors. 

6 Hot pipes and tanks — Steam or hot water 
pipes running thru the air conditioned space, 
or hot water tanks in the space, add heat.. In 
many industrial applications, tanks are open 
to the air, causing water to evaporate into the 
space Tables 54 thru 58, pages 107-109 pro¬ 
vide data for estimating the heat gain from 
these sources 

7. Miscellaneous sources — There may be other 
sources of heat and moisture gain within a 
space, such as escaping steam (industrial clean¬ 
ing devices, pressing machines, etc.), absorption 
of water by hygroscopic materials (paper, tex¬ 
tiles, etc); see Chapter 7. 
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In addition to the heat gains from the indoor 
and outdoor sources, the air conditioning equip¬ 
ment and duct system gain or lose heat.. The fans 
and pumps required to distribute the air or water 
thru the system add heat; heat is also added to 
supply and return air ducts running thru warmer 
or hot spaces; cold air may leak out of the supply 
duct and hot air may.leak into the return duct The 
procedure for estimating the heat gains from these 
sources in percentage of room sensible load, room 
latent load, and grand total heat load is contained 
in Chart 3, page 110, and Tablet 59 and 60, fiaees 
111-113 y * 

HEATING LOAD ESTIMATE 

The heating load evaluation is the foundation for 
selecting the heating equipment.. Normally, the 
j heating load is estimated for the winter design 
temperatures (Chapter 2) usually occurring at night; 
therefore, no credit is taken for the heat given off 
by internal sources (people, lights, etc). This esti¬ 
mate must take into account the heat loss thru the 
building structure surrounding the spaces and the 
heat required to offset the outdoor air which may 
infiltrate and/or may be required for ventilation 
Chapter 5 contains the transmission coefficients and 
procedures for determining heat loss Chapter 6 con¬ 
tains the data for estimating the infiltration air 
quantities. Tig 2 illustrates a heating estimate form 
for calculating the heat loss in a building structure 
Another factor that may be considered in the 
evaluation of the heating load is temperature swing 
Capacity requirements may be reduced when the 
temperature within the space is allowed to drop a 
few degrees during periods of design load This, of 
course, applies to continuous operation only Table 
f 4, page 20, provides recommended inside design 
conditions for various applications, and Table 13, 
page 37, contains the data for estimating the pos¬ 
sible capacity reduction when operating in this 
manner 

The practice of drastically lowering the tempera¬ 
ture to 50 F db or 55 F db when the building is 
unoccupied precludes the selection of equipment 
based on such capacity reduction Although this type 
of operation may be effective in realizing fuel econ¬ 
omy, additional equipment capacity is required for’ 


pickup. In fact, it may be desirable to provide the 
additional capacity, even if continuous operation is 
contemplated, because of pickup required after 
forced shutdown It is, therefore, evident that the 
use of storage in reducing the heating load for' the 
purpose of equipment selection should be applied 
with care 


HIGH ALTITUDE LOAD CALCULATIONS 

Since air conditioning load calculations are based 
on pounds of air necessary to handle a load, a 
decrease in density means an increase in cfm re¬ 
quired to satisfy the given sensible load. The weight 
of air required to meet the latent load is decreased 
because of the higher latent load capacity of the 
air at higher altitudes (greater gr per lb per’ degree 
difference in dewpoint temperature). For the same 
dry-bulb and percent relative humidity, the wet- 
bulb temperature decreases (except at saturation) 
as the elevation above sea level increases 

The following adjustments are required for high 
altitude load calculations (see Chapter 8, Table 66, 
page 148): 

1 Design room air moisture content must be 
adjusted to the required elevation 

2 Standard load estimating methods and forms 
are used for load calculations, except that the 
factors affecting the calculations of volume 
and sensible and latent heat of air must be 
multiplied by the relative density at the partic¬ 
ular elevation, 

3 Because of the increased moisture content of 
the air, the effective sensible heat factor must 
be corrected 

EQUIPMENT SELECTION 

After the load is evaluated, the equipment must 
be selected with capacity sufficient to offset this load 
The air supplied to the space must be of the proper 
conditions to satisfy both the sensible and latent 
loads estimated.. Chapter 8, "Applied Psychromet 
rics," provides procedures and examples for deter¬ 
mining the criteria from which the air conditioning 
equipment is selected (air quantity, apparatus dew¬ 
point, etc). 
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HEATING CONDITIONS 


TEMPERATURE OF AIR ENTERING UNIT 

_% OUTSIDE AIR X_*F =_ 

RECIRCULATED AIR X -“F* =- 

TOTAL (AVERAGE ENTERING AIR TERR.) =_ 

'noon T!*r. rim rrnr. connection 


INFILTRATION 


TOTAL TRANSMISSION LOSS 


_* LIN FT X _ ^ 

SLIGHT _ _LIN FT X _ * 
POOB __LIN FT X -v - 


AREA METHOD 

—so ft x os °> 

—80 FT X 0 8 £> 


AIR CHANGE METHOD 


GUAM. UNIT SIZE RFM CFM FIN. TEMP. F. 



GRAND TOTAL HEAT LOSS 
HUMIDIFICATION 
"fV + CF “-A (_61 


EQUIPMENT CHOICE 
C RATING I CONSTANT i 


Water Evaporated 


INSTALLED CAPACITY 


•TEAM Coho*!. I HOT WATER 

■ • LB/HR I 6PM 


Fig 2 — Heating Load Estimate 
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CHAPTER 2. DESIGN CONDITIONS 


This chapter presents the data from which the 
outdoor design conditions are established for various 
localities and inside design conditions for various 
applications. The design conditions established de¬ 
termine the heat content of the air, both outdoor 
and inside They directly affect the load on the 
air conditioning equipment by influencing the 
transmission of heat across the exterior structure 
and the difference in heat content between the out¬ 
door and inside air For further details, refer to 
Chapters 5 and 6 . 

OUTDOOR DESIGN CONDITIONS - SUMMER 
AND WINTER t 

The outdoor design conditions listed in Table 1 
are the industry accepted design conditions as pub¬ 
lished in ARI Std. 530-56 and the 1958 ASHAE 
Guide The conditions, as listed, permit a choice of 
outdoor dry bulb and wet-bulb temperatures for dif¬ 
ferent types of applications as outlined below 

NORMAL DESIGN CONDITIONS - SUMMER 

Normal design conditions are recommended for 
use with comfort and industrial cooling applications 
where it is occasionally permissible to exceed the 
design room conditions These outdoor design con¬ 
ditions are the simultaneously occurring dry-bulb 
and wet-bulb temperatures and moisture content, 
which can be expected to be exceeded a few times 
a year for short periods The dry-bulb is exceeded 
more frequently than the wet-bulb temper atur e, and 
usually when the wet-bulb is lower than design 

When cooling and dehumidification (dehydra¬ 
tion) are performed separately with these types of 
applications, use the normal design dry-bulb tem¬ 


perature for selecting the sensible cooling appara¬ 
tus; use a moisture content corresponding to the 
normal design wet-bulb temperature and 80% rh 
for selecting the dehumidifier (dehydrator)' 

Daily range is the average difference between the 
high and low dry-bulb temperatures for a 24-hr 
period on a design day i This range yaries with local 
climate conditions .'-.vt;'.- 

MAXIMUM DESIGN CONDITIONS - SUMMER 

Maximum summer design conditions are recom¬ 
mended for laboratories and industrial applications 
where exceeding the room design conditions for 
even short periods of time can.be detrimental to a 
product or process, r;,.: T c, , - 

The maximum ; design dry-bulb and wet-bulb 
temperatures are simultaneous peaks (riot individual 
peaks) The moisture content is an individual peak, 
and is listed only for use in the-selection of sep¬ 
arate cooling and dehumidifying systems for closely 
controlled spaces. Each of these conditions can be 
expected to be exceeded no more than 3 hours in 
a normal summer. 

NORMAL DESIGN CONDITIONS - WINTER 
Normal winter design conditions are r ecommended 
for use with all comfort and industrial heating ap¬ 
plications. The outdoor dry-bulb temperature can 
be expected to go below the listed temperatures a 
few times a year, normally during the early morn¬ 
ing hours. The annual degree days listed are the 
sum of all the days in the year on which the daily 
mean temperature falls below 65 F db, times the 
number of degrees between 65 F db and the daily 
mean temperature, 


Air Conditioning Company 




1-10 


PART ] LOAD ESTIMATING 


TABLE V—OUTDOOR DESIGN CONDITIONS —SUMMER AND WINTER 


STATE 

AND 

CITY 

NC 

CO 

J 

)RM Al 

ND..—! 

uly at ' 

. DESIGN 
SUMMER 

1:00 PM 

AVG. 

DAILt 

RANG 

MAXIMUM DESIGN 
' COND— SUMMER 

E July at 3:00 PM 

NORMAL 
DESIGN COND 
WINTER 

WIND DATA 

Eleva- 

Lati¬ 

tude 

(deg) 

Dry- 

Bulb 

m 

Wei 
■ Bui: 

IF) 

Moistui 
1- Content 
b (gr/lb c 
dry air 

-e 

* Dry- 
>f Bulb 
) (F) 

Dry- 

Bulb 

(F) 

Moisturi 
Wet- Content' 
Bulb (gr/lb of 
(F) dry air) 

s 

\ Dry 
Bull 
(F) 

Annua 
> Degree 

Day* 

Avg Velocity and 
I Prevailing Directioi 

— tlon 
Abovt 

n Sea 

Summer 

.Winter 

(ft) 

ALABAMA 

Anniston 

Birmingham 

Mobile 

Montgomery 

95 

95 

95 

95 

78 

78 

80 

78 

■ •" 

■ ysg 

mm 

■ 

99 

95 

82 155 6 

1C 

\i 

1C 

i 2806 

I 261 I 

i 1566 

1 2071 

5 0 S 

9 0 SW 

80 N 

9 9 N 
7.5 NW 

733 

694 

10 

293 

34 

34 

31 

32 

ARIZONA 

Flagstaff 

Phoenix 

90 

105 

65 

76 

81 

94 

26 

30 

90 

113 

78 126.9 

- 1C 
25 

1 7242 

1441 

5.0 W 

77 SW 
5.4 E 

6.894 

1,108 

35 

33 

Tucson 

Winslow 

Yuma 

105 

100 

no 

IH 

m 

30 

30 



25 

- 10 
30 

1036 

50 W 

5.2 NW 

6.7 N 

2,376 

4,853 

146 

32 

35 

33 

ARKANSAS 

Fort Smith 

Little Rock 

95 

95 

76 

78 

104..5 

117.5 

16 

16 

1 

83 145.5 

10 

5 

3226 

3009 

Kjlljll 

83 E 

8.3 NW 

448 

324 

35 

35 

CALIFORNIA 

Bakersfield 

El Centro 

Eureka 

Fresno 

105 

no 

90 

105 

70 

78 

65 

74 

54 

94 

52 

76 

■ 

110 

■ 

25 

30 

25 

■ 

7..0 N 

8.0 NW 

73 

5.4 NW 

499 

43 

132 

287 

35 

33 

41 

37 

Laguna Beach 
long Beach 

Los Angeles 

Oakland 

fl 

70 

70 

65 

1 

KB 

82 

94 

94 

70 103.0 

68 99.3 

35 

30 

1391 


n 

pi 

34 

34 

34 

38 

Montague 

Pasadena 

Red Bluff 

Sacramento 

95 

100 

100 

70 

70 

72 

70 

62 

73 

18 



0 

30 

2680 


7.2 SE 

2,635 

305 

116 

42 

34 

40 

39 

San Bernadino 

San Diego 

San Francisco 

105 

85 

85 

72 

68 

65 

65 

75 

60 

10 

17 

88 

74 78 4 

35 

35 

1596 

3137 

70 W 
12.0 W 

6.3 NW 
7.5 N 

26 

17 

34 

33 

38 

San Jose 

Williams 

91 

70 

76 5 

40 

no 

80 74.4 

25 

2823 



100 

86 

37 

39 

COLORADO 

Denver 

Durango 

95 

95 

64 

65 

60 

70 

25 

99 

68 89.4 

-10 

5839 

7 .0 S 

7.5 S 

5,221 

6,558 

40 

37 

Fort Collins 

Grand Junction 

Pueblo 

95 

95 

65 

65 

62 

63 

24 

25 

102 

68 86 2 

-30 

-15 

-20 

5613 

5558 

6 0 SE 

4 4 NW 
7.9 NW 

4,587 

4,770 

41 

39 

38 

CONNECTICUT 

Bridgeport 

Hartford 

New Haven 

Waterbury 

95 

93 

95 

75 

75 

75 

99 

102 

99 

14 

16 

14 

94 

95 

82 

0 

0 

0 

-15 

6113 

5880 

70 S 

70S 

8 7 NW 

9 4 N 

9 

58 

23 

41 

42 

41 

42 

DELAWARE 

Wilmington 

95 

78 

117.5 

15 



0 


10.0 SW 

NW 

134 

40 

D1ST. OF COLUMBIA 
Washington 

95 

78 

117.5 

18 

99 

84 155.6 

0 

4561 

5.0 S 

7.8 NW 

72 

39 

FLORIDA 

Apalachicola 

Jacksonville 

Key West 

Miami 

95 

95 

93 

91 

80 

78 

78 

79 

13! 

117.5 

1125 

J 31 

17 

12 

99 

92 

82 

81 

150 5 

150.5 

25 

25 

45 

35 

1252 

1185 

59 

185 

5 0 SW 

8.0 SW 

9.0 SE 

7.0 SE 

8.4 

9 0 NE 

106 NE 

10.1 E 

23 

13 

23 

11 

30 

30 

25 

26 

Pensacola 

Tampa 

Tallohassee 

95 

95 

78 

78 

117 5 
1175 

12 

14 

95 



20 

30 

25 

1281 

571 

1463 

6 0 NE 

10 .9 N 

8 6 NE 

N 

408 

25 

68 

31 

28 

30 


’Corresponds to dry-bulb and wet-bulb temperatures listed, and is corrected for altitude of city. 
fCorresponds to peak dewpoint temperature, corrected for altitude. 
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TABLE 1—OUTDOOR DESIGN CONDITIONS —SUMMER AND WINTER (Contd) 



I NORMAL 

DESIGN 

AVG. 

MAXIMUM DESIGN 

NORMAL 






COND—SUMMER 

DAILY 

COND —SUMMER 

DESIGN COND 





STATE 

i July at 3:00 PM 

RANGE 

July at 3:00 PM 

WINTER 

WIND 

DATA 

Eleva- 


AND 



Moistur 




Moisture 



Avg. Velocity and 

Above 



Dry- 

Wet 

- Content 

Dry- 

Dry- 

Wet- 

Contentf 

Dry- 

Annua 

Prevailing Direction 

Sea 

Laii- 

. j .. 

Bulb 

Bui 

(qr/lb o 

Bulb 

Bufb 

Bulb 

(gr/lb of 

Bulb 

Degree 

_ — :- 


Level 

fude 


(F) 

(F) 

dry air, 

(F) 

IF) 

(F) 

dry air) 

(F) 

Days 

Summer 

Winter 

Ift) 

(deg) 

GEORGIA 














Atlanta 

95 

76 

109 5 

18 

101 

82 

150 5 

10 

2985 

7 0 NW 

1 1 7 NW 

975 

34 

Augusta 

98 

76 

100 

18 



i 

10 

2306 


6 5 NW 

195 

34 

Brunswick 

95 

78 

117.5 










31 

Columbus 

98 

76 

100 










33 

Macon 

95 

78 

1175 

18 




15 

2338 

50 S 

6.7 NW 

408 

33 

Savannah 

95 

78 

117.5 

17 

99 



20 

1635 

8.0 SW 

9.5 NW 

42 

32 

IDAHO 














Boise i, . 

95 

65 

54 5 

31 

109 

71 

92 6 

-10 

5678 

5 0 NW 

9 1 SE 

2/05 

44 

Lewiston 

95 

65 

44 

28 




5 

5109 


4.1 E 

763 

46 

Pocatello 

95 

65 

61 

28 

100 



-5 

6741 


8 9 SE 

4,468 

43 

Twin Falls 








-10 



W 


42 

ILLINOIS 














Cairo 

98 

78 

1125 





0 

3957 


98 

319 

37 

Chicago 

95 

75 

99 

19 

104 

80 

140 6 

-10 

6282 

10 0 NE 

12.0 SW 

594 

42 

Danville 








-5 



NW 


40 

Moline 

96 

76 

103 

22 

103 

83 

155.6 

- 10 




594 

41 

Peoria 

96 

76 

103 

20 

100 



-10 

6004 

8 0 S 

8 3 S 

602 

41 

Springfield 

98 

77 

106 

20 




-10 

5446 


11.9 NW 

603 

40 

INDIANA 














Evansville - 

95 

78 

117.5 

19 

102 

82 

150 5 

0 

4410 

7.0 SW 

97 S 

388 

38 

fort Wayne - 

95 

75 

99 

20 

100 



-10 

6232 

8 0 SW 

104 SW 

777 

41 

Indianapolis I.i 

95 

76 

104.5 

18 

99 



-10 

5458 

9.0 SW 

11.3 S 

715 

40 

South Bend 








-5 



SW 

773 

42 

Terre Haute ... 

95 

78 

124 









1,146 

40 

IOWA 














Cedar Rapids 








-5 






Davenport 

95 

78 

117.5 

18 




-15 

6252 


10 5 NW 

648 

42 

Des Moines 

95 

78 

123 

18 

102 



- 15 

6375 

6 0 SW 

10 1 NW 

800 

42 

Dubuque . f; . 

95 

78 

117.5 





-20 

6820 


7.1 

740 

43 

Fort Dodge f ' 








-20 





42 

Keokuk 

95 

78 

1175 





-10 

5663 


8 2 SW 

637 

41 

Sioux City 

95 

78 

124 

19 

102 



-20 

6905 

10 .0 S 

11 5 NW 

1,111 

43 

. .. Waterloo .... 








-15 





43 

KANSAS 














Concordia 

95 

78 

125 

20 




-10 

5425 


77 S 

1,425 

39 

Dodge City 

95 

78 

132 

21 

106 



-10 

5069 


106 

2,522 

38 

Safina 





til 



-15 



NW 

1,226 

39 

Topeka 

100 

78 

109 5 

19 




-10 

5075 

10 0 S 

92 S 

991 

39 

Wichita 

100 

75 

98 

21 

110 

79 

126.9 

-10 

4644 

11.0 S 

12.4 S 

1,300 

38 

KENTUCKY 














Lexington 








0 

4792 


13.3 SW 

989 

38 

Louisville 

95 

78 

117.5 

22 

99 



0 

4417 

7.0 SW 

9.8 SW 

459 

33 

LOUISIANA 














Alexandria 








20 



N 

89 

32 

New Orleans 

95 

80 

131 

13 

95 

83 

161 2 

20 

1203 

6 0 SW 

8 6 N 

9 

30 

Shreveport 

100 

78 

109.5 

15 

102 

83 

150.5 

20 

2132 

5.0 S 

8.8 SE 

197 

33 

MAINE 














Augusta 

90 

73 

95 

13 








362 

45 

Bangor 

90 

73 

95 

13 









45 

Bar Harbor 








-15 



NW 


44 

Belfast 








-5 





44 

Eastport 

90 

70 

78 

13 




-10 

8445 

7 0 S 

2 .6 W 

100 

45 

Millinocket 








-15 





46 

Presque Isle 









9644 


NW 


47 

Portland 

90 

73 

95 

13 

93 



-5 

7377 

70S 

0 4 NW 

47 

44 

Rumford 



_ 





— 20 





44 


‘Corresponds (o dry-bulb and wet-bulb temperatures listed, and is corrected for altitude of city 


■fCorresponds to peak dewpoint temperature, corrected for altitude 
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TABLE 1 — OUTDOOR DESIGN CONDJTIONS-SUMMER AND WINTER (CONT ) 


STATE 

AND 

CITY 


AVG. 

DAILY 

RANGE 

MAXIMUM DESIGN 
COND —SUMMER 
July at 3:00 PM 

NORMAL 
DESIGN COND 
WINTER 

WIND 

DATA 

i 

Eleva- 

Lati¬ 

tude 

(deg) 

Dry- 

Bulb 

(F) 

Wet 

Bulb 

(F) 

Moisture 
Content* 
(gr/lb of 
dry air) 

Dry- 

Bulb 

(F) 

Dry- 

Bulb 

(F> 

Wet 

Bulb 

(F) 

Moisture 
Contentf 
(gr/lb of 
dry air) 

Dry- 

Bulb 

(F) 

Annual 

Avg. Velocity and 
Prevailing Direction 

Above 

Sea 

Days 

Summer 

Winter 

(ft) 

MARYLAND 











MM 

mm 

IM 

Baltimore 

95 

78 

117.5 

18 

99 


! 

0 

4487 

6 0 SW 



{EH 

Cambridge 








5 




HB 


Cumberland 

95 

75 

99 

18 



i 




mm 

HHH 


Frederick 








-5 



NW 


40 

Frostburg 








-5 



W 


40 

Salisbury 



i 





10 



NW 


40 

MASSACHUSETTS 



1 ft 











Amherst 








-10 



NW 


42 

Boston 

92 

75 


13 

96 

78 

! 1359 

0 

5936 

9 0 SW 

12 4 W 

14 

42 

Fall River 



HHBR 




i 

-10 





42 

Fitchburg 

93 

II m 

102 

17 



i 

-10 

6743 

W 



43 

Lowell 








-15 



pup 

BN 

43 

Nantucket 

95 

El 

99 


HUS 

HU 

s 

0 




^0 

41 

New Bedford 


mm 



wk&sm 

■h&! 


0 





Em 

Plymouth 


■w 

m/m 


B 


! 

-5 





EM 

Springfield 


E3 

BB 

17 



1 

- 10 


9 0 SW 



EM 

Worcester 


B 

kI 

17 


■ 


0 





KB 

MICHIGAN 


PI 












Alpena 








- 10 

8278 




45 

Big Rapids 


■ 






-15 





43 





19 

101 

79 

135 9 

-10 

6560 



619 

42 

Escanaba 


IH 

HEN 





- 15 

8777 




46 

Flint 



99 





01 


W 

W 

766 

43 

Grand Rapids 

Hi 

Q 

99 

Kfl 

98 



313 

6702 

8 .0 W 

12 1 NW 

638 

43 

Kalamazoo 


■4 






mSt 



W 


42 

Lansing 


mm 

104 

20 




9 

7149 


9.8 SW 

861 

43 

Ludington 

■■ 

mm 






-10 

Kul 


11 9 W 


44 

Marquette 

El 

mi 

90 

20 

96 



-10 

H .■ 


10.6 NW 

652 

47 

Saginaw 


El 

99 









601 

43 

Sault Sle Marie 


N 






-20 

9307 


8 9 SE 

724 

47 

MINNESOTA 



MM 






1BB« 

HHfiHI 

Si 



Alexandria 



■0 





-25 

tSHH 

■B 






S3 

SISh 





-25 


13 4 SW 


1,128 

47 

Minneapolis 

MM 

El 

US 


102 



-20 

ESI 



839 

45 

St Cloud 


■H 






-25 





46 

St. Paul 


m 


17 

103 

79 

131 1 

-20 

7975 

8 0 SE 


719 

45 

MISSISSIPPI 


■ 


■■ 






Mil 


mm 


Jackson 


ffl| 


Efl 

103 

83 

155 6 

15 



7 7 SE 

SO 

32 

Meridian 

95 



KB 




10 



6 .3 N 

Kill 

32 

Vicksburg 

95 

bf 


21 

96 



10 



8 3 

226 

32 

MISSOURI 














Columbia 

IOC 

78 

109 5 

19 




^3I<M 

5070 


8 9 SW 

739 

39 

Kansas City 

■EEU 

76 

1065 

19 


79 

135 9 

-10 

4962 

9.0 S 

10 3 NW 

741 

39 

Kirksville 




19 


82 

150.5 



SW 


969 

40 


mm 



20 

103 

81 

135 9 

0 1 

4596 

9 0 S 

11 8 S 

465 

39 

St. Joseph 

m 








5596 


9 3 NW 

817 

40 

Springfield 

■ 



18 

98 

79 

135 9 


4569 

USMi 

10 9 SE 

1,301 

37 

MONTANA 






i 









90 



20 

104 

i 


-25 

7213 


12 4 W 

3.119 

46 

Butte 








-20 



NW 

5 538 

46 

Great Falls 








-20 



SW 

3,687 

48 

Havre 

Mm 



20 




-30 

8416 

7.0 E 

9.4 SW 

2,498 

49 

Helena 

95 

67 

71 

20 

97 

70 


-20 

7930 

7 0 SW 

7 4 SW 

4,090 

47 

Kalispell 

95 

65 

56 





-20 

8032 


52 


48 

Miles City 








-35 

7591 


5 6 S 

2,629 

47 

Missoula 

95 

66 

49 

20 


■1 


-20 

7604 


E 

3,205 

47 


‘Corresponds to dry-bulb and wet-bulb temperatures listed, and is corrected for altitude of city 
■{"Corresponds to peak dewpoint temperature, corrected for altitude. 
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TABLE 1 — OUTDOOR DESIGN CONDITIONS —SUMMER AND WINTER (CONT.) 




STATE 

AND 

CITY 

NORMAL DESIGN 
COND —SUMMER 
July at 3.-00 PM 

AVG. 

DAILY 

RANGE 


NORMAL 
DESIGN COND. 
WINTER 

WIND 

DATA 

Eleva- 

Lati- 

fud 

(deg) 

Dry- 

Bulb 

(F) 


■ 

Dry- 

Bulb 

(F) 


§§ 

Moisture 
Content' 
(gr/lb o 
dry °ir) 


Annual 

Degree 

Deys 

Avg. Velocity and 
Prevailing Direction 

Above 

Sea 

Summer 

mm 

IHH 

NEBRASKA 








MiyS 

■1 






Grand Island 













1 856 

41 

Lincoln 


95 

73 


20 

106 

^m 


BQ 

5980 

9 0 S 

10 6 S 

1,180 

41 

Norfolk 







H 




NW 

NW 


42 

North Platte 


95 

78 


26 

104 

76 

74 4 

I -20 

6384 

60S 

79 W 

2 805 

41 

Omaha 


95 

78 

mvwsi 

20 

108 

80 

131 1 

n 

6095 

80S 

97 NW 

978 

41 

Valentine 


95 

78 

135 

20 




-25 

7197 


9 2 

2,627 

43 

York 









- 15 



NW 



NEVADA 















Las Vegas . ; '• 


115 

75 

76 

40 




20 



S 

1,882 

36 

Reno 


95 

65 

62 

41 

102 

66 

66 9 

-5 

5621 

7 0 SW 

6 0 W 


■ 9 

Tonopah ;:>• 









5 

5812 




■9 

Winnemucca ,. 


95 

65 

62 

40 




-15 

6357 

7.0 SW 



Hi 

NEW HAMPSHIRE 

v>>- r 





BH 

ms 








Berlin "■ 

•> ■. 








-25 





45 

Concord v • 


90 

73 

95 

!4 

■B 



-15 

7400 

5.0 NW 



43 

Keene Gr "' ' 

4 ;’** 













■g 

Manchester :>'• 


90 

73 

95 

14 

92 








Km 

/Portsmouth /‘•S’f-t: 


90 

73 

95 

14 


l 







mm 

NEW JERSEY : 



■I 










mm*. 


Atlantic City 


95 


117 5 

14 




5 

5015 

130 SW 

15 8 NW 

8 

39 

Bloomfield 


95 

B 

99 

14 








125 

41 

Camden . 



■1 


14 

102 

82 

145.5 

0 


10.0 SW 


30 

40 

East Orange 


95 

E3 

99 

14 




Ml 





41 

Jersey City 


95 

El 

99 





Kii 





41 

Newark-;',. 

.A; 1 

95 

121 

99 

14 

99 

81 

140.6 

HI 





41 

Paterson-" 

TV??.’’ 

95 

75 

99 

14 

95 








41 

Sandy Hook 









HI 





41 

Trenton 


95 

78 

117.5 

14 

96 

H 






56 

40 

NEW MEXICO 

; /,/ 














Albuquerque 


95 

70 

94 5 

26 

98 

68 

95 9 

0 

4517 


73 N 

5,101 

35 

Roswell , 


95 

70 

87 

25 




-10 

3578 


7 1 S 

3,643 

32 

Sonto fe - 


90 

65 

80 

30 

90 



0 

6123 

6.0 SE 

7.1 NE 

7,000 

36 

NEW YORK \ 



■I 

m 









HI 


Albany v i 1 -. 

■ ?r-: 

93 

El 

WRm 

18 

97 

78 

131 1 

-10 

6648 

70S 



43 

Binghamton 


95 

El 

K39 





-10 

6818 


6 8 NW 

H 

42 

Buffclo 


93 

73 _ 

90 

18 

93 

77 

126.9 

-5 

6925 

12.0 SW 

17.1 W 

W&M 

43 

Conton : 




95 


MM 

M 


yg*i 

EEM 



458 

43 

Cortland 








P^M 


ISM 





Glens Falls 







Hi 


89 

^H 




wm 

Ithaca 



iiiM 



mum 


Uiifl 

sa 

mum 



Mil 


Jamestown 







H 


89 



MPUM 

HI 


Lake.Placid -i 

mi 


I Ri 



HHI 

H 


&3 

iWim 


«Hi 

I 

44 

" New York City 


mm 

iil 

99 

14 




M|j 

PS: 




41 

Ogdensburg 


nj 





■/M 



mm 




45 

Oneonta-i 

mmi 


M 



H 

HI 


mm 

mm 

H 



43 

Oswego 


93 


■EM 



HI 



wirrw 

M 

MM 


43 

Rochester 


95 


sSk*V3M 

18 

i@a 



K9 

lw«l 

Frim 


B9 

43 

Schenectady 


93 



18 

mm 

HI 


HI 

HI 

Hi 

H 

N9 

43 

Syracuse 


mm 


■mfcjTsM 

18 

96 

HI 


S9I 



112 5 

400 

43 

Watertown 


HI 


NN 



HI 


Hi 



SW 


44 

NORTH CAROLINA 

UBi 

Ml 



mm 


mm 








Asheville 


St! 


114 5 

IB 

93 

H 


0 

4236 

6 0 NW 

9.5 NW 

2,192 

36 

Charlotte 


mm\ 


117.5 

mm 


HI 

warn 

10 

3224 

5.0 SW 

7.3 SW 

809 

35 

Greensboro 


95 


123 5 

mm 


Ml 

mm 

■9 

3849 


7 9 SW 

896 

37 

Raleigh 


95 


1175 

■h 

98 

82 

m 


3275 

6 0 SW 

7 9 SW 

345 

36 

Wilmington 


95 


117.5 

15 i 

95 

EOll 

b£h 

■a 

2420 

7.0 SW 

9.4 SW 

6 

34 


‘Corresponds to dry-bulb and wet-bulb temperatures listed, and is corrected for altitude of city 
fCorresponds to peak dewpoint temperature, corrected for altitude 


Air Conditioning Company 
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PART 1. LOAD ESTIMATING 


TABLE 1 — OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER (CONT ) 


STATE 

AND 

CITY 

NC 

CO 

J 

RMAL DESIGN 

ND — SUMMER 
uly at 3=00 PM 

AVG. 

DAILY 

RANG 

MAXIMUM DESIGN 
COND —SUMMER 
July at 3:00 PM 

NORMAL 
DESIGN COND 
WINTER 

WIND DATA 

Eleva- 

Lati¬ 

tude 

(deg) 

EH 

u 

1 

Moistur 
• Content 
(gr/lb 
dry air 

Dry- 

Bulb 

(F) 

Dry- 

Bulb 

<F) 

Wet 

Bull 

(F! 

Moistur 
• Content 
{gr/lb o 
dry air) 

Dry- 

Bulb 

IF) 

Annua 

Avg, Velocity and 
Prevailing Direction 

Above 

Sea 

Days 

IBP! 

Winter. 

Level 

(ft) 

NORTH DAKOTA 

i 

■ 



H 


mm 

mm 

IKS 




IBSi 

Bismarck 



95 5 

19 

■n 

■ 


HP* 


9 0 NW 

9 1 NW 


BSE 

Devils Lake 

Buj 

El 

i mm 

\^m 

BP 

IB 

BrU 




10.1 W 

\MwM 

■1 

Fargo 

HQ] 


■BE 

19 


imm 


WSU 

mm 


10 9 NW 



Grand Forks 



■H 


B 

■ 


Era 



NW 

832 

48 

Williston 

95 


Rn 

i 

HR 

m 

m 

-35 

9301 

8 0 SE 

8 6 W 

1 919 

48 

OHIO 




I 




1 



n 

IBM 


Akron 

95 

75 

99 

• 19 



! -5 



■■ 



Cincinnati 

95 

78 

1175 

22 

106 

81 

145.5 

0 

4990 

i 70 SW 


553 

39 

. Cleveland 

95 

75 

99 

19 

101 

79 

135.9 

0 

6144 

DEB 


651 

42 

Columbus 

95 

76 

104 5 

23 

B 



-10 

5506 

9 0 SW 

irargrci 

724 

40 

Dayton 

95 

78 

123 

23 

■ 



0 

5412 

8 0 SW 

litHm 

900 

40 

Lima 




mm 

■M 



-5 



\amm 

mm 

41 

Sandusky 


■a 

99 

mam 




0 

6095 



608 

42 

Toledo 


Eg 

99 

HI 

99 

mm 


-10 

6269 


12 1 SW 

589 

42 

Youngstown 


■ 1 

99 

■ 


H 

■■ 





1,186 

41 

OKLAHOMA 




■« 






■IK 




. i Ardmore 




mM 




10 



N 

762 

34 

Bartlesville 




■ 




-10 



N 



Oklahoma City 

101 


■SH 

mm 

104 



B 

3670 

10.0 S 

11.5 S 

1,254 

35 

Tulsa 

101 


■ 

m 

106 

79 

1406 

HI 


100 s 

N 

804 

36 

OREGON 


■ 












Baker 

90 


71 

19 




-5 

7197 


5 6 SE 

3,501 

44 

Eugene 

90 

68 

67 

19 




-15 




366 

44 

Medford 

95 

70 

76 

19 








1,428 

42 

Pendleton 








-15 



W 

1,494 

46 

Portland 

90 

68 

67 

19 

99 

70 

103 0 

10 

4353 

6 0 NW 

7.3 S 

30 

46 

Roseburg 

90 

66 

57 

19 






4 0 N 


523 

42 

Wamic 








0 



W 


45 

PENNSYLVANIA 














Altoona 

95 

75 

99 

14 




-5 




1,469 

40 

Bethlehem 








-5 






Erie 

93 

75 

102 

18 




-5 

6363 

9 0 S 

13 6 SW 

670 

42 

■ Harrisburg- 

95 

75 

99 

14 




0 

5412 


7.6 NW 

339 

40 

New Castle 








0 






Oil City 

95 

75 

99 

18 










Philadelphia 

95 

78 

117 5 

14 

97 



0 

4739 

100 SW 

t! 0 NW 

26 

40 

Pittsburgh 

95 

75 

105 

14 

98 

79 

126.9 

0 

5430 

9.0 SW 

11.6 W 

1,248 

40 

Reading 

95 

75 

99 





0 

5232 


9.0 

31 1 

40 

Scranton 

95 

75 

99 

14 

95 



-5 

6218 

6 0 SW 

7 6 SW 

746 

41 

•: Warren 








-15 



NW 


41 

Williamsport 








-5 



NW 

525 

42 

RHODE ISLAND 














Block Island 

95 

75 

99 






5897 


20 6 NW 

46 

41 

Pawtucket 

93 

75 

102 

14 










Providence 

93 

75 

102 

14 




0 

5984 

10 0 NW 

12.1 NW 

8 

42 

SOUTH CAROLINA 














Charleston 

95 

78 

1175 

17 

98 

82 

155 6 

15 

1866 

10 0 SW 

105 SW 

9 

33 

Columbia 

95 

75 

99 

17 




10 

2488 


8 0 SW 

401 


Greenville 

95 

76 

104 5 

17 




10 

3059 

7 0 NE 

8 4 

982 

35 

SOUTH DAKOTA 














Huron 

95 

75 

106 

19 

106 

76 

1269 

-20 

7940 

0 0 SE 

107 NW 

1,282 

44 

Rapid City 

95 

70 

85 

22 

103 

71 

95 9 

-20 

7197 

70 W 

80 W 

3,231 

44 

Sioux Fails 

95 

75 

99 

20 




-20 



NW 

1,427 

43 


^Corresponds lo dry-bulb and wet bulb temperatures listed and is corrected for altitude of city 
■{"Corresponds to peak dewpoint temperature, corrected for altitude 

















































CHAPTER 2 DESIGN CONDITIONS 


1-15 



TABLE 1 — OUTDOOR DESIGN CONDITIONS —SUMMER AND WINTER (CONT.) 



( 




STATE 

AND 

CITY 

NORMAL DESIGN 
COND— SUMMER 
July at 3:00 PM 

AVG. 

DAILY 

RANGE 

MAXIMUM DESIGN 
COND—SUMMER 
July at 3:00 PM 

NORMAL 

DESIGN COND. 
WINTER 

WIND 

DATA 

Efeva- 

Lati¬ 

tude 

(deg) 

Dry- 

Bulb 

(F) 

Wet- 

Bulb 

IF) 

■ 

Dry- 

Bulb 

(F) 

Dry- 

Bulb 

(F) 

Wet- 

Bulb 

(F) 

Moisture 
Content! 
(gr/lb of 
dry air) 



Avg. Velocity and 
Prevailing Direction 

Above 

Sea 

Summer 

Winter 

Level 

(ft) 

TENNESSEE 


■ 



■I 

1 

mm 


m 



PP 


Chattanooga 



104 5 

18 








MM 

35 

Johnson City 


m 



■■ 


■Si 


mm 



mm 

36 

Knoxville 


M£M 

103 5 

17 

■ra 

79 

mmm 

0 

| 3658 

6 0 SW 

7.2 SW 

921 

36 

Memphis 


in 

117.5 

18 

Broil 

83 


0 

j 3090 

7 0 SW 

93 W 

27! 

35 

Nashville 



117 5 

17 

H 


■H 

0 

| 3613 

80 W 

9 8 NW 

485 

36 

TEXAS 



■IB 






j 





Abilene 



■3 





15 

2573 

90S 

10 1 S 

1,748 

32 

Amarillo 



PfCK 

22 



1104 

-10 

4196 

11.0 S 

12 1 SW 

3,657 

35 

Austin 



w&m 

19 




20 

1679 


8 3 N 

625 

31 

Brownsville 



Ha 

20 



150 5 

30 

628 


10.4 SE 

35 

BZM jl] 

Corpus Christ! 

95 

80 

131 





20 

965 


11.0 SE 

21 

28 ! 

Dallas 

100 

78 

1095 

21 

105 

80 

1359 

0 

2367 

80S 

10.6 NW 

460 

33 » : 

Del Rio 

100 

78 

115 





15 

1501 

10 0 SE 

8,0 SE 

1,020 

29 §HSl : 

Ei Paso 

100 

69 

73 

23 

101 

72 

106.6 

10 

2532 

9.0 E 

9.0 NW 

3,720 

32 

Fort Worth 

100 

78 

109.5 

21 




10 

2355 

100 

105 NW 

708 

33 

Galveston 

95 

80 

131 

14 




20 

1174 

9 0 S 

11 2 SE 

6 

29 

Houston 

95 

ao 

131 

14 

100 

81 

150.5 

20 

1315 

8.0 S 

10.5 SE 

52 

30 

Palestine . -W-'-A';.;V 

100 

78 

109.5 





15 

2068 


8 0 

555 

32 

Port Arthur 

95 

79 

124 





20 

1532 


107 

64 

30 

San Antonio 

100 

78 

109 5 

19 

102 

83 

1664 

20 

1435 

7.0 SE 

8.3 NE 

646 

29 

UTAH 














Modena 

95 

65 

66 

25 

97 

66 

80.3 

-15 

6598 

11.0 SW 

9.0 

5,479 

38 

logan 








-15 





42 

Ogden 








-10 



S 

4,446 

41 

Salt Lake City 

95 

65 

61 

25 

102 

66 

89.4 

-10 

5650 

7 .0 S 

7 8 SE 

4,222 

41 

VERMONT 














Bennington 








-10 





43 

Burlington 

90 

73 

95 

17 

91 



-10 

8051 

80S 

11 6 S 

308 

44 

Rutland 

90 

73 

95 

17 




-20 





43 

VIRGINIA 














Cape Henry 

95 

78 

1175 





10 

3538 


140 

24 

37 

Lynchburg 

95 

75 

99 

16 

99 



5 

4068 


8.1 

386 

37 

Norfolk 

95 

78 

1175 

16 

95 



15 

3364 

11.0 S 

12 1 N 

11 

37 

Richmond 

95 

78 

1175 

16 

98 



15 

3922 

6 0 SW 

8 1 SW 

162 

38 

Roonoke 

95 

76 

1115 

16 




0 

4075 


82 W 

1,194 

38 

WASHINGTON i 














North Head 

85 

65 

60 





20 

5367 


16 1 

199 


Seattle 

85 

65 

60 

17 

86 

70 

99 3 

15 

4815 

70 N 

9 8 SE 

14 

48 

Spokane 

93 

65 

54 5 

28 

106 

68 

71 9 

— 15 

6318 

7.0 SW 

6.2 SW 

1,879 

48 

Tacoma 

85 

64 

55.5 

17 




15 

5039 


8.0 

279 

47 

Tatoosh Island 








15 

5857 


18 9 

110 

48 

Walla Walla 

95 

65 

475 

28 

105 



-10 

4910 


5 4 S 

952 

46 

Wenatchee 

90 

65 

52 

20 









48 

Yakima 

95 

65 

48 

20 




5 

5585 


4 1 

1,160 

47 

WEST VIRGINIA 





i 

1 









Bluefield 

95 

75 

99 

16 









37 

Charleston 

95 

75 

99 

16 

102 | 



0 


4 0 SW 

W 

603 

38 

Elkins 








- 10 

5800 


6.2 W 

2,006 

39 j 

Huntington 

95 

76 

104 5 

16 




-5 



W 


38 

Martinsburg 








-5 




540 

39 

Parkersburg 

95 

75 

99 

16 

98 



— 10 

4928 

4 0 SE 

7.2 SW 

615 

39 

Wheeling 

95 

75 

99 

14 

: 



-5 





40 i 


‘Corresponds to dry-bulb and wet-bulb temperatures listed, and is corrected for altitude of city 
■[Corresponds to peak dewpoint temperature, corrected for altitude 



Ait Conditioning Company 

































1-16 


PARI I LOAD ESTIMATING 


TABLE 1_OUTDOOR DESIGN CONDITIONS —SUMMER AND WINTER (CONT„) 


STATE 

AND 

CITY 

NORMAL DESIGN 
COND..-— SUMMER 
July at 3:00 PM 

AVG. 

DAILY 

RANGE 

! MAXIMUM DESIGN 
COND —SUMMER 
July at 3:00 PM 

NORMAL 
DESIGN COND 
WINTER 

WIND DATA 

Eleva¬ 

tion 

Above 
Sea 
: Level 

: • tf»J 

Lati¬ 

tude 

(deg! 

Dry- 
Bulb i 
(F) 

Wet- 

Bulb 

(F) 

! Moisture 
: Content-*. 

! (gr/lb of 
dry air) 

Dry- 

Bulb 

IF) 

Dry- 

Bulb 

IF) 

Wet- 

Bulb 

IF) 

Moisture 
Contentf 
(gr/lb of 
dry air) 

Dry- 
Buib . 
IF) 

Annual 

Avg. Velocity and 
Prevailing Direction 

Degree 

Days 

Summer 

Winter / 

WISCONSIN 

Ashland 

Eau Claire 

95 . 

75 

m 

■ 

H 

H 


-20 

-20 

-20 

7931 

80S 

SW 
NW 
10.5 SW 

885 

589 

42 

45 

45 

La Crosse 

Madison 

Milwoukee 

95 

95 

95 

75 

75 

1 75 

in 

a 


i 

m 

-25 
— 15 
-15 

7421 

7405 

7079 

6 0S 

8 0 SW 
9.0 SW 

93 S 

10 1 NW 
12.1 W 

673 

938 

619 

43 

43 

WYOMING 

Casper 

Cheyenne 

bonder 

Sheridan 

95 

95 

65 

65 

H 

28 

28 

102 



-20 

-15 

-18 

-30 

7536 

8243 

7239 

9 .0 S 

5.0 SW 

5 0 NW 

SW 
13 3 NW 
3.9 

4 9 NW 

5,321 

6,139 

5,448 

3,773 

43 

42 

44 

45 

CANADA 

PROVINCE 

AND 

CITY 


} 


ij 










ALBERTA 

Calgary 

Edmonton 

90 

90 

B 

71 

77 


■ 



-29 

-33 

-39 

■ 

97 

8 9 

■ 


51 

54 

55 

Lethbridge ' T 1 ' ? i 
McMurray 

Medicine Hat 





■ 

■ 


— 32 
-42 

- 35 

8650 

8650 

9.1 

150 

9.0 

1,216 I 
2,365 ; 

57 

50 

BRITISH COLUMBIA 
Estevan Point 

Fort Nelson 








17 

-38 

-6 



9 9 

37 

20 

1,230 

1,121 

49 

59 

50 

' Prince George 

Prince Rupert 
• Vancouver 
r- Victoria 

80 

67 

78 





-32 

8 

n 

15 

9500 

6910 

5230 

5410 


72 

80 

77 

12.3 

2,218 

170 

22 

228 

54 

54 

49 

48 

MANITOBA 

, Brandon 

Churchill 

The Pas 

Winnipeg 

90 

71 

83.5 





-32 

-42 

-39 

-29 

10930 

16810 

10630 

11.5 

14.7 

64 

12.0 

1,200 

115 

894 

786 

50 

59 

54 

50 

NEW BRUNSWICK 
Campbellton 

Fredericton • . 

Moncton 

Saint John . , i 

90 

75 

107 





-11 
-6 
— 8 
-3 

8830 

8700 

8380 

7.9 

92 

14 9 

13.8 

42 

164 

248 

119 

48 

46 

46 

45 

NEWFOUNDLAND: 
Corner Brook 

Gander. 

Goose Bay 

Saint Johns 








— 1 
-3 
- 26 

1 

9210 

9440 

12140 

8780 


172 

10.3 

19.3 

40 

482 

144 

463 

49 

49 

53 

48 

NORTHWEST 

TERRITORIES 

Aklavik 








— 46 

-42 

17870 

16020 



30 

300 

6? 

65 

Frobisher 

Resolute 

Yellowknife 






I 

| 


-47 

-42 

-47 



9 2 

68 

56 

682 

62 


♦Corresponds to dry-bulb and wet-bulb temperatures listed, and is corrected for altitude of city 
■fCorresponds to peak dewpoint temperature, corrected for altitude. 































CH\PIHR 2 


DESIGN CONDITIONS 


1-1? 


TABLE 1_OUTDOOR DESIGN CONDITIONS SUMMER AND WINTER (CONT.) 


CANADA 

PROVINCE 

AND 

CITY 


NOVA SCOTIA 

Halifax 

Sydney 

Yarmouth 


ONTARIO 
Fort Vv'illiam 
Hamilton 
Kapuskasing 
Kingston. 
Kitchener 
London. 
North Bay 


NORMAL DESIGN 
COND—SUMMER 
July at 3:00 PM 


Dry- 

Bulb 

(F) 


90 


O ttawa _ 

Peterborough 
Soul* lookout 
Sudbury 

• - Timmins ■_ 

•.-Toronto 
^ iVVindior 
‘ : Sault Ste Marie 


PRINCE EDWARD 
ISLAND 

Charlottetown 


Wet- 

Bulb 

(F) 


Moisture 

Content* 

■ (gr/lb of 
dry air) 


75 


107 


AVG. 

DAILY 

RANGE 


Dry- 

Bulb 

(F) 


MAXIMUM DESIGN 
COND —SUMMER 
July at 3:00 PM 


Dry- 

Bulb 

(F5 


Wet- 

Bulb 

(F) 


Moisture 
Content | 
(gr/lb of 
dry air) 


NORMAL 
DESIGN COND 
WINTER 


Dry- 

Bulb 

IF) 


Annual 

Degree 

Days 


4 7570 

1 | 8220 
7 7520 


WIND DATA 


Avg, Velocity and 
Prevailing Direction 


Summer 


6 6 
9 9 


Winter 


Eleva¬ 

tion 

Above 

Sea 

Level 

(ft) 


9 6 
13 1 
135 


90 


93 


75 


107 


75 


93 75 


QUEBEC 
Aryida 
' Knob Lake 
sf Mont Joli . 


Montreal "j 
Port Harrison 
Quebec City- 


90 

90 


102 

102 


90 

90 


71 

70 


107 

107 


92 5 
81 


Seven Islands 
Sherbrooke 
Three Rivers 

SASKATCHEWAN 
Prince Albert 
Regina 
Saskatoon 
Swift Current 

YUKON TERRITORY 
Dawson 
Whitehorse 

^^Tto drybuib and wet-bulb temperatures listed. and is corrected for altitude of city 

Corresponds to peak dewpoint temperature, corrected for olhtude. 


83 

197 

136 


Lati¬ 

tude 

(deg) 


45 

46 
44 


1 

- 74 

10350 

8 4 

9 6 I 

644 

48 


0 

6890 



303 

43 


-30 

11790 


100 

752 

49 


-II 

7810 


10.8_ 

340 

44 


-3 

7380 



1,100 

43 


— 1 



11.9 

912 

43 


— 20 


9.6 

11 3 

1,210 

46 


-15 

8830 

8 9 

11.1 

339 

45 


-11 

— 33 



8 5 

648 

1,227 

44 

50 






837 

47 


1 1 
£ ^4 




1,100 

48 


0 j 

7020 

“8.1 

14 1 

379 

43 


** 



123 

637 

42 






635 

47 


-3 

8380 

87 

113 

74 

46 


- 19 

10440 


82 

375 







1.605 

55 


— 40 







-11 



13.3 

150 

48 


-9 

8130 

99 

123 

187 

46 


-39 



134 

66 

58 


-12 

9070 

9.0 

12.4 

296 

47 


-20 

- 12 

8610 


8 2 

190 

620 

JU 

45 






50 

46 


-13 







— 41 

11430 


49 

1 .414 

53 


— 34 

10770 

124 

12 1 

1,884 

50 


- 37 

10960 

10.7 

9.7 

1 645 

52 


-33 

9660 


14 6 

2,677 

50 


i 

1 

! -56 

15040 



1,062 

64 

i -43 

! 



87 

2 289 

61 
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CORRECTIONS TO OUTDOOR DESIGN CONDITIONS 
FOR TIME OF DAY AND TIME OF YEAR 

The normal design conditions for summer, listed 
in Table 7, are applicable to the month of July at 
about 3:00 P M frequently, the design conditions 
at other times of the day and other months of the 
year must be known 


Table 2 lists the approximate corrections on the 
dry-bulb and wet-bulb temperatures from 8 a m to 
12 p m based on the avetage daily range The dry- 
bulb corrections are based on analysis of weather 
data, and the wet-bulb corrections assume a rela¬ 
tively constant dewpoint throughout the 24-hr 
period 


H Table 3 lists the approximate corrections of the 
dry-bulb and wet-bulb temperatures from March to 
November, based on the yearly range in dry-bulb 
temperature (summer normal design dry-bulb minus 
winter normal design dry-bulb temperature). These 
corrections are based on analysis of weather data 
( and are a PP Ilcab] e only to the cooling load estimate 


9 

Example 1 - Corrections to Design Conditions 

Given: 

A comfort application in New Yotk City 
Find: 


The approximate dry-bulb and wet-bulb 
12:00 noon in October 


temperatures at 


PARI ] LOAD ESTIMATING 


Normal design conditions for New York in July a£ 3 - 0 0 
p m are 95 F db 75 F wb (Table !) X 

Daily range in New York City is 14 F db 
Yearly range in New York City = 95 - 0 = 95 F db 
Correction for time of day (12 noon) from Table 2: 

Dry-bulb = —5 F 
Wet-bulb = —I F 

Correction for time of year (October) from Table 3: 

Dry-bulb = —16 F 
Wet-bulb = — 8 F 

Design conditions at 12 noon in October (approximate) : 
Dry-bulb = 95 ~ 5 - 16 = 74 F 
Wet bulb = 75 - 1 — 8 = 66 F 


INSIDE COMFORT DESIGN CONDITIONS - 
SUMMER 

The inside design conditions listed in Table 4 are 
recommended for types of applications listed., These 
conditions are based on experience gathered from 
many applications, substantiated by ASHAE tests.. 

The optimum or deluxe conditions are chosen 
where costs are not of prime importance and for 
comfort applications in localities having summer 
outdoor design dry-bulb temperatures of 90 I or less.. 
Since all of the loads (sun, lights, people, outdoor 
air, etc) do not peak simultaneously for any pro¬ 
longed periods, it may be uneconomical to design 
for the optimum conditions. 


TABLE 2 CORRECTIONS IN OUTDOOR DESIGN TEMPERATURES FOR TIME OF DAY 

(For Cooling Load Estimates) 


DAILY : r 
RANGE OF 
TEMPERA- 
'G'KTURE* 

DRY- 

- OR £■ 
/'.VWET'.o 

•(&BUIB 

-- ■ , sun .j* 

8 /, 

£ AM 

•' 10 i 

; ' - 

v r .v,' v 

VT 2 - , v 

' ctf/o T j 

PM 

I 4 I t 




-a to 

15 

Dry-Bulb 

Wet-Bulb 

’ nr\s'Ri«lk 

- 9 

- 2 

- 7 

- 2 

-5 

-1 

-1 

0 

0 

0 

-1 

0 

-2 
— 1 

V.A"' 8 -V 

- 5 

— 1 

10 „ 

— 8 

' Mi' 2 '-* 

- 9 

*' : t ^20 

L/ry-ouiD 

Wet-Bulb; 

Hrv Rnlk : - 

— 12 
- '3 

_ 9 
- 2 

—5 

-I 

-I 

0 

0 

0 

-I 

0 

-2 
- 1 

- 6 
— ) 

— 2 

-10 

_ 0 

— 2 

— 14 

25 

ury-ouiD : % 
Wet-Bulb ' 

1 rtrw d,,iu . 

—14 
- 4 

— 10 
- 3 

-5 

-_ 

-1 

0 

0 

0 

-1 

0 

-3 
— 1 

- 7 

— 2 

■ 0 

-11 

— 4 

-Id 

f 30 > . 

1 ury-Buib 

1 Wet-Bulbi; 

’ Hrv.Rtilk 

— 1 6 
- 4 

- 10 
- 3 

-5 

-1 

— 1 

0 

0 

0 

-1 

0 

-3 
- I 

- 8 
— 2 

— 3 

— 13 

r , 'y 

— 4 

-18 

. ’•S. : 35 

ury-Dum 

Wet-Bulb 

OrS/lRuFk ‘ 

—18 
- 5 

— 12 
- 3 

-6 
— l 

-1 

0 

0 

0 

— 1 

0 

-4 
- 1 

-10 
- 3 

““ J 

-15 
— 4 

— 5 

-21 

— A 

40 

yry-ouiD 
Wet-Bulb ( 

— 21 
- 6 

= 4 

-7 

-2 

-1 

0 

0 

0 

-1 

0 

-6 
— 1 

—T 2 

_ T 

— \ 8 

O 

-24 

45 

ury*DUio 

Wet-Bulb 

— 24 

- 7 

— 1 6 
~ 4 

— 8 
-2 

-1 

0 

0 

0 

-1 

0 

-7 
— 2 

V 

-14 

—. A 

— 5 

-21 

— 7 

-28 


ury-fluiD 
Wet-Bulb ,j 

— 26 
- 7 

— 17 

— 5 

— 8 
— 2 

-2 

0 

0 

0 

-1 

-8 

— 2 ! 

— 1 6 
_ J 1 

— 6 

-24 

— 9 

-31 

ine daily range of dry-bulb temperafure ii ihe difference between the hinh-.f a \ 
design doy (See Fable 1 for the value of daily range for a particular ‘ 

Equation: Outdoor design temperature at any time = Outdoor design temperature from Fab 

dry- bulb temperafure d 

>/e 1 -f- Correction from a 

uring a 24-h 

bove table 

— 8 

our period 0 

-10 

n a typical 








I he commercial inside design conditions are rec¬ 
ommended for general comfort air conditioning an 
plications Since a majority of people are comfort¬ 
able at 75 F or 76 F db and around 45% to 50% rh, 
the thermostat is set to these temperatures, and these 
conditions are maintained under partial loads As 
the peak loading occurs (outdoor peak dry-bulb and 
wet-bulb temperatures, 100% sun, all people and 
lights, etc), the temperature in the space rises to the 
design point, usually 78 F db 

If the temperature in the conditioned space is 
forced to rise, heat will be stored in the building 
mass Refer to Chapter 3., “Heat Storage, Diversity 
and Stratification;’ for a more complete discussion 
of heat storage. With summer cooling, the tempera¬ 
ture swing used in the calculation of storage is the 
difference between the design temperature and the 
normal thermostat setting, 

The range of summer inside design conditions is 
provided to allow for the most economical selection 
of equipment. Applications of inherently high sen¬ 


sible heat factor (relatively small latent load) usually 
result in the most economical equipment selection if 
the higher dry-bulb temperatures and lower relative 
humidities are used Applications with low sensible 
heat factors (high latent load) usually result in more 
economical equipment selection if the lower dry- 

bulb temperatures and higher relative humidities 
are used 

INSIDE COMFORT DESIGN CONDITIONS — 
WINTER 

For winter season operation, the inside design 
conditions listed in Table 4 are recommended for 
general heating applications. With heating, the 
temperature swing (variation) is below the comfort 
condition at the time of peak heating load (no 
people, lights, or solar gain, and with the minimum 
outdoor temperature) Heat stored in the building 
structure during partial load (day) operation reduces 
the required equipment capacity for peak load oper¬ 
ation in the same manner as it does with cooling. 


Air Con&xtiaainff Conpuij 
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PART ! LOAD ESTIMATING 


TABLE 4—RECOMMENDED INSIDE DESIGN CONDITIONS*—SUMMER AND WINTER 


TYPE OF 
APPLICATION 

SUMMER \ ' 

WINTER 

Deluxe . 

Commercial Practice 

With Humidification 

Without Humidification 

Dry- 

Bulb 

(F) 

Ret. 

Hum 

(%) 

Dry- 

Bulb 

(F) T 

Ret. 

. Hum 
& (%> 

Temp. 
Swing f 
(F) > 

Dry- 
Bulb 
(FI ' 

Rel. 
Hum 
: (%) 

liSifl 

Dry- 

Bulb 

(F) 

Temp. 
Swing \ 
/(F)- 

GENERAL COMFORT 

Apt, House, Hofei, Office 
Hospital, School, etc. 

74-76 

50 45 

77 79 


2 to 4 

74-76 

35-30 

B 

75-77 

— 4 

RETAIL SHOPS 
[Short term occupancy) 

Bank, Barber or Beauty 
Shop, Dept. Store, 
Supermarket, etc. : 

76-78 

50 4 5 

78 80 

50-45 

2 to 4 

72-74 



73 75 

-4 

.OW SENSIBLE HEAT 
-ACTOR APPLICATIONS 
; High Latent Load) , v . 

Auditorium,. Church;' Bar; •; 
Restaurant; Kitchen, etc. 

76-78 

55-50 

78 80 

60-50 

1 ro 2 

72-74 

40-35 

-2 
to -3 

74-76 

— 4 

: ACTORY COMFORT ; 

As) ly Areas, 

Mau...iiing Rooms, etc. 

77-80 

55-45 

80-85 

60-50 

3 to 6 

68-72 

35-30 

-4 

to — 6 

70-74 

-6 


I he room assign ary-ouio jcmpciuiuic anwiu u C ..w. ■ ~—— --t- - 

adjacent, to compensate for the increase or decrease in radiant heat exchange from the body A hot or cold panel may be unshaded glass.or glass 
block windows (hot in summer, cold in winter) and thin partitions with hot or cold spaces adjacent. An unheated slab floor on the ground or walls below 
the ground level are cold panels during the winter and frequently during the summer also. Hot tanks, furnaces or machines ore hot panels. 
[Temperature swing is above the thermostat setting at peak summer load conditions. 

^Temperature swing is below the thermostat setting at peak winter load conditions (no lights, people or solar heat gain) 

"Winter humidification in retail clothing shops is recommended to maintain the quality texture of goods 


\JS!DE INDUSTRIAL DESIGN CONDITIONS 

Table 5 lists typical temperatuies and relative 
umidities used in preparing, processing, and manu- 
rctuiing various products, and for storing both raw 
nd finished goods These conditions are only typical 
f what has been used, and may vary with appli- 
atio They may also vary as changes occur in 
rocL.^es, products, and knowledge of the effect of 
^mperature and humidity. In all cases, the tem- 
erature and humidity conditions and the per mis- 
:ble limits of variations on these conditions should 
e established by common agreement with the cus- 
rmer.. 

Some of the conditions listed have no effect on the 
roduct or process other than to increase the effi- 
iency of the employee by maintaining comfort 
.auditions.. This normally improves workmanship 
nd uniformity, thus reducing rejects and produc- 
on cost. In some cases, it may be advisable to 
ampromise between the required conditions and 
amfort conditions to maintain high quality com- 
rensurate with low production cost. 

Generally, specific inside design conditions are 
squired in industr ial applications for one or more 
f the following reasons: 


1 A constant temperature level is required for 
close tolerance measuring, gaging, machin¬ 
ing, or grinding operations, to prevent expan¬ 
sion and contraction of the machine parts, 
machined products and measuring devices 
Normally, a constant temperature is more im¬ 
portant than the temperature level A constant 
relative humidity is secondary in nature but 
should not go over 45% to minimize formation 
of heavier surface moisture film 
Non-hygroscopic mater ials such as metals, glass, 
plastics, etc., have a property of capturing 
water molecules within the microscopic surface 
crevices, forming an invisible, non-condnuous 
surface film. The density of this film increases 
when relative humidity increases Hence, this 
film must, in many instances, be held below a 
critical point at which metals may etch, or the 
electric resistance of insulating materials is sig¬ 
nificantly decreased 

2. Where highly polished surfaces are manufac¬ 
tured or stored, a constant relative humidity 
and temperature is maintained, to minimize 
increase in surface moisture film. The tem¬ 
perature and humidity should be at, or a little 
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below, the comfort conditions to minimize 
perspiration of the operator. Constant tem¬ 
perature and humidity may also be required 
in machine rooms to prevent etching or cor¬ 
rosion of the parts of the machines. With 
applications of this type, if the conditions are 
not maintained 24 hours a day, the starting of 
air conditioning after any prolonged shutdown 
should be done carefully: (1) During the sum¬ 
mer, the moisture accumulation in the space 
should be reduced before the temperature is 
reduced; (2) During the winter, the moisture 
should not be introduced before the materials 
have a chance to warm up if they are cooled 
during shutdown per iods 

3.. Control of relative humidity is required to 
( maintain the strength, pliability, and regain of 
hydroscopic materials, such as textiles and 
paper The humidity must also be controlled 
in some applications to reduce the effect of 
static electricity.. Development of static electric 
charges is minimized at relative humidities of 
55% or higher 

4. The temperature and relative humidity con¬ 
trol are required to regulate the rate of chemi¬ 
cal or biochemical reactions, such as drying of 


varnishes or sugar coatings, preparation of 
synthetic fibers or chemical compounds, fer¬ 
mentation of yeast, etc Generally, high tem¬ 
peratures with low humidities increase drying 
rates; high temperatures increase the rate of 
chemical reaction, and high temperatures and 
relative humidities increase such processes as 
yeast fermentations 

5. Laboratories require precise control of both 
temperature and relative humidity or cither. 
Both testing and quality control laboratories 
are frequently designed to maintain the AST'M 
Standard Conditions* of 73 4 F db and 50% 
rh 

6 With some industrial applications where the 
load is excessive and the machines or materials 
do not benefit from controlled conditions, it 
may be advisable to apply spot cooling for the 
relief of the workers. Generally, the conditions 
to be maintained by this means will be above 
normal comfort 

•Published in ASTM pamphlet dated 9-29-48 These condi¬ 
tions have also been approved by the Technical Committee 
on Standard Temperature and Relative Humidity Conditions 
of the FSB (Federal Specifications Board) with one varia¬ 
tion: FSB permits ±4%, whereas ASTM requires ±2% per- 
missable humidity tolerance 


Air Conditioainp Company 
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PART 1 LOAD ESTIMATING 


TABLE 5—TYPICAL. INSIDE DESIGN CONDITIONS—INDUSTRIAL 

(listed conditions are only typical; final design conditions are established by customer requirements) 


INDUSTRY 

PROCESS 

DRY- 

BULB 

IF) 

RH 

(%) INDUSTRY 

PROCESS 

DRY- 

BULB 

IF) 

RH 

(%) 

ABRASIVE 

Manufacture 

75-80 

45-50 CERAMICS 

Refractory 

Molding Rm 

Clay Storage 

Decal & Decorating 

110-150 

80 

60-80 

50-90 

60-70 

35-65 

BAKERY 

Dough Mixer 
Fermenting 

Proof Box 

Bread Cooler 

Cold Room 

Make-up Rm 

Cake Mixing 

Crackers & Biscuits 
Wrapping 

Storage— 

75-80 

75-82 

92-96 

70-80 

40-45 

78-82 

95-105 

60-65 

60 65 

40-50 

70-75 

75-80 

45-50 

80 85 CEREAL 

Packaging 

75-80 

45-50 

COSMETICS 

Mfg. 

65-70 

— 

— DISTILLING 

50 

60-65 

Storage— 



Grain 

60 

35-40 

Liquid Yeast 

32-34 


Mfg. 

60-75 

45-60 

Dried Ingred, 

70 

55-65 

Aging 

65-72 

50-60 

Fresh Ingred 

30-45 

8085 ELECTRICAL 

Electronic & X-ray 

Coils & Trans 
Winding 

Tube Assem. 

Electrical Inst. 

Mfg & Lab. 
Thermoslat Assem & 
Calib. 

Humidistat Assem.. 

& Calib 

Close Tol. Assem 

Meter Assem. Test 
Switchgear— 

72 

68 

70 

76 

76 

72 

74-76 

i 5 

40 

50 55 

50-55 

50-55 

40-45 

60-63 

Flour 

70-75 

„ PRODUCTS 

50-65 

Shortening 

45-70 

55-60 

Sugar 

80 

35 

Water 

32-35 

— 

Wax Paper 

70-80 

40 50 

BREWERY 

Storage— 



Hops 

30-32 

55-60 

Grain 

80 

60 

Fuse & Cut-Out 
Assem. 

73 

50 

Liquid Yeast 

32-34 

75 

Cap. Winding 

73 

50 

Lager 

32-35 

75 

Paper Storage 

73 

50 

Ale 

40-45 

75 

Conductor Wrapping 
Lightning Arrestor 
Circuit Brkr 

Assem & Test 

75 

68 

76 

65-70 

20-40 

30-60 

Fermenting Cellar— 



Lager 

40-45 

75 

Ale 

55 

75 

Process Selenium 
& Copper Oxide 
Plates 

74 

30-40 

Racking Cellar 

32 35 

75 

CANDY- 

CHOCOLATE 

Candy Centers 

Hand Dipping Rm. 
Enrobing Rm 

Enrobing— 

80-85 

60-65 

75-80 

40-50 - 

50-55 f= URS 

55-60 

Drying 

Shock Treatment 
Storage 

110 

18-20 

40-50 

55-65 

Loading End 

80 

50 GLASS 

Cutting 

Vinyl Lam. Rm. 

Comfort 

Enrober 

90 

13 



Stringing 

70 

40 ' 50 LEATHER 

Drying— 



Tunnel 

40-45 

DP — 40 

Veg. Tanned 

70 

75 

Packing 

65 

55 

Chrome Tanned 

120 

75 

Pan Specialty Rm, 
General Storage 

70-75 

65-/0 

45 

Storage 

50-60 

40-60 

- LENSES— 

Fusing 

Grinding 

1 Comfort 

CANDY—HARD 

Mfg. 

Mixing & Cooling 
Tunnel 

Packing 

Storage 

! Drying—Jellies, Gums 
j Cold Rm — 
Marshmallow 

75-80 

75-80 

55 

65-75 

65-75 

120-150 

75-80 

30-40 OPTICAL 

80 

50 

D p— 55 MATCHES 

40-45 

45-50 

Mfg. 

Drying 

Storage 

72-74 

70 75 
60-62 

50 

40 

50 

55 MUNITIONS 

45-50 

Metai Percussion 
Elements— 



Drying Parts 

190 

— 

CHEWING GUM 

| Mfg. 

' Rolling 

1 Stripping 

Breaking 

Wrapping 

77 

68 

72 

74 

74 

33 

63 

53 

47 

58 

Drying Paints 

110 

— 

Black Powder Drying 
Condition & Load 
Powder Type Fuse 
Load Tracer Pellets 

125 

70 

80 

40 

40 
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TABLE 5—TYPICAL INSIDE CONDITIONS—INDUSTRIAL (Contd) 

(Listed conditions are only typical; final design conditions are established by customer requirements) 




DRY- 

8ULB 

RH 

INDUSTRY 

PROCESS 

(F) 

(%) 

PHARMACEU- 

Powder Storage 



TICAL 

Before Mfg. 

70-80 

30-35 


After Mfg. 

75-80 

15-35 


Milling Rm 

80 

35 


Tablet Compressing 

70-80 

40 


Tablet Coating 
Effervescent— 

80 

35 


Tablet &. Powder 

90 

15 


Hypodermic Tablet 

75-80 

30 


Colloids 

70 

30-50 


Cough Syrup 

80 

40 


Glandular Prod 

78-80 

5 10 


Ampule Mfg 

80 

35 


Gelatin Capsule 

78 

40-50 


Capsule Storage 

75 

35-40 


Microanalysis 

Comfort 


Biological Mfg 

80 

35 


Liver Extract 

70-80 

20-30 


Serums 

Comfort 


Animal Rm. 

Comfort 

PHOTO 

Drying 

20-125 

40-80 

MATERIAL 

Cutting & Packing 
Storage— 

65-75 

40-70 


Film Base, Film 




Paper, Coated 
Paper 

70-75 

40-65 


Safety Film 

60-80 

45-50 


Nitrate Film 3 

40-50 

40-50 

PLASTIC 

Mfg.— . 




Thermo Setting 




Compounds 

80 

25-30 


Cellophane 

75-80 

45-65 

PLYWOOD 

Hot Press—Resin 

90 

60 


Cold Press 

90 

15-25 

PRECISION 

Spectrographic Anal 

Comfort 

MACHINING 

Gear Matching & 
Assem 

Storage— 

I 75-80 

35-40 


Gasket 

100 

50 


Cement & Glue 

65 

40 


Machinings 




Gaging, Assem. 

Comfort 


Adjusting Precision 
Parts 




Honing 

75-80 

35-45 

PRINTING 

Multicolor Utho. 




Pressroom 

75-80 

46-48 


Stockroom 

73-80 

49-51 


Sheet & Web Print. 

Comfort 


Storage, Folding, etc. 

Comfort 

REFRIGERATION 

Valve Mfg 

75 

40 

EQUIPMENT 

Compressor Assem 

70-76 

30-45 


Refrigerator Assem 

Comfort 


Testing 

65-82 

47 

RUBBER DIPPED 

Mfg 

90 

— 

GOODS 

Cementing 

80 

25-30 


Surgical Articles 

75-90 

25-30 


Storage Before Mfg.. 

60-75 

40-50 


Lab. (ASTM Std.) 

73.4 

50 

TEXTILES 

Cotton 




Opening & Picking 

70-75 

55-70 




50-55 


Drawing & Roving | 

ao 

55-60 




DRY- 

BULB 

RH 

INDUSTRY 

PROCESS 

IF) 

(%) 

TEXTILES (eont ) 

Cotton, cont. 




Ring Spinning 




Conventional 

80-85 

60-70 


Long Draft 

80-85 



Frame Spinning 

80-85 

55-60 


Spooling, Warping 

78-80 

60-65 


Weaving 

78-80 

70-85 


Cloth Room 

75 

65-70 


Combing 

75 

55-65 


Linen 




Carding, Spinning 

75-80 

60 


Weaving 

80 

80 


Woolens 




Pickers 

80-85 

60 


Carding 

80-85 

65-70 


Spinning 

80-85 

50-60 


Dressing 

75-80 

60 


Weaving — 




Light Goods 

80-85 

55-70 


Heavy 

80-85 

60-65 


Drawing 

75 

50-60 


Worsteds 




Carding, Combing, 




& Gilling 

80-85 

60-70 


Storage 

70-85 

75-80 


Drawing 

80-85 

50-70 


Cap Spinning 

80-85 

50-55 


Spooling, Winding 

75-80 

55-60 


Weaving 

80 

50-60 


Finishing 

75-80 

60 


Silk 




Prep. & Dressing 

80 

60-65 


Weaving & 




Spinning 

80 

65-70 


Throwing 

80 

60 


Rayon 




Spinning 

80-90 

50-60 


Throwing 

80 

55-60 


Weaving 




Regenerated 

80 

50-60 


Acetate 

80 

55-60 


Spun Rayon 

80 

80 


Picking 

75-80 

50-60 


Carding, Roving, 




Drawing 

80-90 

50-60 


Knitting 




Viscose or 
Cuprammonium 

80-85 

65 


Synthetic Fiber 

Prep. 8. Weaving 




Viscose 

80 

60 


Celanese 

80 

70 


Nylon 

80 

50-60 

TOBACCO 

Cigar & Cigarette 




Mfg 

70 75 

55-65 


Softening 

90 

85-88 


Stemming & Stripping 

75-85 

75 


Storage & Prep 

78 

70 


Conditioning 

75 

75 


Packing & Shipping 

75 

60 



Ah Conditioning Company 
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CHAPTER 3. HEAT STORAGE, DIVERSITY 
AND STRATIFICATION 


The normal load estimating procedure has been 
to evaluate the instantaneous heat gain to a space 
and to assume that the equipment will remove the 
heat at this rate Generally, it was found that the 
equipment selected on this basis was oversized and 
therefore capable of maintaining much lower room 
conditions than the original design Extensive analy¬ 
sis, research and testing have shown that the reasons 
for this are: 

1 Storage of heat in the building structure 

2 Non-simultaneous occurrence of the peak of 
the individual loads (diversity) 

3 Stratification of heat, in some cases. 

This chapter contains the data and procedures 
for determining the load the equipment is actually 
picking up at any one time (actual cooling load), 
taking into account the above factors.. Application 
of these data to the appropriate individual heat 
gains results in the actual cooling load 

The actual cooling load is generally consider¬ 
ably below the peak total instantaneous heat gain, 
thus requiring smallei equipment to perform a 
specific job. In addition, the air quantities and/or 
water quantities are reduced, resulting in a smaller 
overall system Also as brought out in the tables, 
if the equipment is operated somewhat longer dur¬ 
ing the peak load periods, and/or the temperature 
in the space is allowed to rise a few degrees at 
the peak periods during cooling operation, a further 
reduction in required capacity results The smaller 
system operating for longer periods at times of peak 
load will produce a lower first cost to the customer 
with commensurate lower demand charges and 
lower operating costs It is a well-known fact that 
equipment sized to more nearly meet the require¬ 
ments results in a more efficient, better operating 
system. Also, if a smaller system is selected, and is 
based on extended periods of operation at the peak 
load, it results in a more economical and efficient 
system at a partially loaded condition. 

Since, in most cases, the equipment installed to 
perform a specific function is smaller, there is less 
margin for error This requires more exacting en¬ 
gineering including air distribution design and 
system balancing. 

With multi-story, multi-room application, it is 


usually desirable to provide some flexibility in the 
air side or room load to allow for individual room 
control, load pickup, etc Generally, it is recom¬ 
mended that the full reduction from storage and 
diversity be taken on the overall refrigeration or 
building load, with some degree of conservatism on 
the air side or room loads This degree should be 
determined by the engineer from project require¬ 
ments and customer desires A system so designed, 
full reduction on refrigeration load and less than 
full reduction on air side or room load, meets all 
of the flexibility requirements, except at time of 
peak load In addition, such a system has a low 
owning and operating cost 

STORAGE OF HEAT IN BUILDING 
STRUCTURES 

The instantaneous heat gain in a typical comfort 
application consists of sun, lights, people, trans¬ 
mission thru walls, roof and glass, infiltration and 
ventilation air and, in some cases, machinery, appli¬ 
ances, electric calculating machines, etc. A large 
portion of this instantaneous heat gain is radiant 
heat which does not become an instantaneous 
load on the equipment, because it must strike a solid 
surface and be absorbed by this surface before be¬ 
coming a load on the equipment. The breakdown 
on the various instantaneous heat gains into radiant 
heat and convected heat is approximately as follows: 


1 Igppilp ■ 
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•The remaining 40% is dissipated as latent load 
fTransmission load is considered to he 100% convective load 
This load is normally a relatively small part of the total load, 
and for simplicity is considered to he the instantaneous load 
on the equipment 

+ The load from machinery or appliances varies, depending 
upon the temperature of the surface. The higher the surface 
temperature, the greater the radiant heat load 


Air Conditioning Consptay 
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DISTANT SPACE TEMPERATURE AND EQUIPMENT 
RATING PERIODS 

s the radiant heat from sources shown in the 
ve table strikes a solid surface (walls, floor, ceil- 
etc), it is absorbed, raising the temperature at 
surface of the material above that inside the 
erial and the air adjacent to the surface This 
perature difference causes heat flow into the 
erial by conduction and into the air by convec- 
. The heat conducted away from the surface is 
ed, and the heat convected from the surface 
>mes an instantaneous cooling load The portion 
adiant heat being stored depends on the ratio 
he resistance to heat flow into the material and 
resistance to heat flow into the air film With 
t construction materials, the resistance to heat 
in' 1 the material is much lower than the air 
.tamo; therefore, most of the radiant heat will 
stored However, as this process of absorbing 
ant heat continues, the material becomes warmer 
less capable of storing more heat 
he highly varying and relatively sharp peak of 
instantaneous solar heat gain results in a large 
of it being stored at the time of peak solar heat 
i, as illustrated in Fig. 3 

he upper curve in Fig 3 is typical of the solar 
t gain for a west exposure, and the lower curve 



3 — Actual Coolinc Load, Solar Heat Gain, 
West Exposure, Average Construction 



4 — Actual Cool.inc Load from Fluorescent 
Lights, Average Construction 


is the actual cooling load that results in an average 
construction application with the space tempera¬ 
ture held constant The reduction in the peak 
heat gain is approximately 40% and the peak load 
lags the peak heat gain by approximately 1 hour 
The cross-hatched areas (Fig 3) represent the Heat 
Stored and the Stored Heat Removed from the 
construction Since all of the heat coming into a 
space must be removed, these two areas are equal 
The relatively constant light load results in a 
large poition being stored just after the lights are 
turned on, with a decreasing amount being stored 
the longer the lights are on, as illustrated in Fig 4 
The upper and lower curves represent the instan¬ 
taneous heat gain and actual cooling load from 
fluorescent lights with a constant space temperature 
The cross-hatched areas are the Heat Stored and the 
Stored Heat Removed from the construction The 
dotted line indicates the actual cooling load for the 
first day if the lights are on longer than the period 
shown. 

Figs. 3 and 4 illustrate the relationship between 
the instantaneous heat gain and the actual cooling 
load in average construction spaces. With light con¬ 
struction, less heat is stored at the peak (less storage 
capacity available), and with heavy construction, 
more heat is stored at the peak (more storage capac¬ 
ity available), as shown in Fig 5 This aspect affects 
the extent of zoning required in the design of a 
system for a given building; the lighter the building 
construction, the more attention should be given to 
zoning 

The upper curve of Fig 5 is the instantaneous 
solar heat gain while the three lower curves are 
the actual cooling load for light, medium and heavy 
construction respectively, with a constant tempera¬ 
ture in the space.. 

One more item that significantly affects the 
storage of heat is the operating peiiod of the air 
conditioning equipment All of the curves shown in 



Fig 5 — Actual Cooling Load, Solar Heat 1 Gain, 
Light, Medium and Heavy Construction 
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fig s 3, f, and 5 illustrate the actual cooling load 
for 21-hour operation If the equipment is shut 
down after 16 hours of operation, some of the stored 
heat remains in the building construction This 
heat must be removed (heat in must equal heat out) 
and will appear as a pulldown load when the 
equipment is turned on the next day, as illustrated 
in fig 6. 

Adding the pulldown load to the cooling load for 
that day results in the actual cooling load tor 
16-hour operation, as illustrated in Fig 7 
The upper curve represents the instantaneous heat 
gain and the lower curve the actual cooling load 
for that day with a constant temperature maintained 
within the space during the operating period of 
he equipment. The dotted line represents the ad- 
<( )nal cooling load from the heat left in the build 
ing construction The temperature in the space 
rises during the shutdown period from the night¬ 
time transmission load and the stored heat, and is 
brought back to the control point during the pull¬ 
down period. 

Shorter periods of operation increase the pull¬ 
down load because more stored heat is left in the 
building construction when the equipment is shut 
off; fig 8 illustrates the pulldown load for 12-houi 
operation 

Adding this pulldown load to the cooling load 
for that day results in the actual cooling load foi 
12-hour operation , as illustrated in fig 9 

The upper and lower solid curves are the in 
stantaneous heat gain and the actual cooling load 
in average construction space with a constant tem¬ 
perature maintained during the operating period 
Tq e cross-hatched areas again represent the Heat 
1. ,red and the Stored Heat Removed from the 
construction 

The light load (fluorescent) is shown in f ig. 10 for 
12 - and 16-hour operation with a constant space 
temperature (assuming 10-hour operation of lights). 



Pig 7 — Actual Cooling Load, Solar Heat Gain, 
West Exposure, 16-hour Operation 



Pig 8 — Pulldown Load, Solar Heai Gain, 
West Exposure, 12-hour Operation 



Fig 9 — Actual Cooling Load, Solar Heat Gain, 
West Exposure, 12-hour Operation 




Pic.. 6 — Pulldown Load, Solar Heat Gain, 
West Exposure, 16-hour Operation 


Pig 10 — Actual Cooling Load from Fluorescent 
Lights, 12- and 16-hour Operation 
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PART i LOAD ESTIMATING 


kisis of Tables 7 thru 1 2 
Storage Load Factors, 

Solar and Light Heat Gain 

12-, 16". and 24 hour Operation, 

Constant Space Temperature 

I hose tables are calculated, using a procedure 
levelopcd trom a series ot tests in actual buildings 
These tests were conducted in office buildings, su~ 
•jcimarkets, and tesidences throughout this country. 

The magnitude of the storage effect is determined 
argely by the thermal capacity or heat holding 
capacity of the materials surrounding the space. The 
hernial capacity of a material is the weight times 
.he specific heat of the material Since the specific 
reat ol most construction material is approximately 
) 20 Btu/(Ib)(F), the thermal capacity is directly 
proportional to the weight of the material There- 
[or{ he data in the tables is based on weight ot the 
natcrials surrounding the space, per square foot of 
; loor area. 

Jse of Tables 7 thru 12 
Storage Load Factors, 

Solar and Light Heat Gain 
12 , 16 , and 24-hour Operation, 

Constant Space Temperature 

Tables 7 thru 11 aie used to determine the actual 
cooling load from the solar heat gain with a con¬ 
stant temperature maintained within the space for 
different types of construction and periods of oper¬ 
ation With both the 12- and 16-hou: factors, the 
starting time is assumed to be 6 a m suntime (7 a m 
Daylight Saving Time).. The weight per sq ft of 
types of construction are listed in Tables 21 thru 33, 
pages 66-76 

The actual cooling load is determined by mul¬ 
tiplying the storage load factor from these tables 
fo{ ly or all times by the peak solar heat gain for 
the particular exposure, month and latitude desired. 
Table 6 is a compilation of the peak solar heat 
gains for each exposure, month and latitude These 
values are extracted from Table 15, page 44. The 
peak solar heat gain is also to be multiplied by 
either or both the applicable over-all factor for 
shading devices (Table 16, page 52) and the cor¬ 
rections listed under Table 6 Reduction in solar 
heat gain from the shading of the window by r eveals 
and/or overhang should also be utilized 

Example 1 — Actual Cooling Load, Solar Heat Gain 

Given: 

A 20 ft X 20 ft X 8 ft outside office room with 6 inch sand 
aggregate concrete floor, with a floor tile finish, 2t/£-inch 
solid sand plaster partitions, no suspended ceiling, and a 
12-inch common brick outside wall with tj^-inch sand aggre¬ 
gate plaster finish on inside surface A 16 ft X 5 ft steel sash 
window with a white Venetian blind is in the outside wall 
and the wall faces west 


Find: 

\ The actual cooling load from the solar heat gain in July 
at 4 pm.. 40° North latitude with the air conditioning 
equipment operating 24 hours during the peak ioad 
periods and a constant temperature maintained within 
the room 

B The cooling load at 8 pm for the same conditions. 
Solution: 

The weight pei sq ft of floor area o-f this room (values ob¬ 
tained from Chapter 5) is: 

(20 X 8) - (16 X 5) 

Outside wall — 20 x 20 x ^26 Ib/sq ft 

(Table 21, page 66) 

= 25 2 11>/sq ft floor area 

20 X 8 X 3 „ , e 

Partitions = </£ X —20 X 20 X ^ *W S T fc 

(Table 26 page 70) 

= 13 2 Ib/sq ft floor area 
20X20 

Floor = i/ 2 X 2Q x 2Q - X 59 Ib/sq ft 

(Table 29, page 73) 

= 29 5 lb/sq ft floor area 
20 X 20 

Ceiling =i/ 2 X 2Q x 2Q X 59 lb/sq ft 

(Table 29, page 73) 

= 29 5 Ib/sq ft floor area 

NOTE: One-half of the partition, floor and ceiling thick¬ 
ness is used, assuming that the spaces above and 
below are conditioned and are utilizing the other 
halves for storage of heat 
Total weight per sq ft of floor area 

= 252+ 132 + 2954 29 5 = 974 lb/sq ft 
The overall factor for the window with the white Venetian 
blind is 0 56 (Table 16, page 52) and the correction for steel 
sash = 1/85 

A. Storage factor. i p 111 = 0 66 (Ihble 7) 

The peak solar heat gain for a west exposure in July at 
40° North latitude = 164 Btu/(hr)(sq it),(Table 6) 

Actual cooling load 

= ^ 5 X 16 X 164 X 56 X-^-)x 0 66 = 5700 Btu/hr 
B Storage factor, 8pm = 20 (Table 7) 

Actual cooling load 

= ( 5 X 16 X 164 X 56 X -~J X 20 = 1730 Btu/hr 

Table 12 is used to determine the actual cooling 
load from the heat gain from lights These data may 
also be used to determine the actual cooling load 
from: 

1.. People — except in densely populated areas 
such as auditoriums, theaters, etc.. The radiant 
heat exchange from the body is reduced in 
situations like this because there is relatively 
less surface available for the body to radiate to.. 

2.. Some appliances and machines that operate 
periodically, with hot exterior surfaces such 
as ovens, dryers, hot tanks, etc 

NOTE: For Items 1 and 2 above, use values listed 
for fluorescent exposed lights 
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Example 2 — Acfual Cooling Load, Lights and People 
Given: 

The same room as in Example 1 with a light heat gain of 
3 watts per sq ft of floor area not including ballast, exposed 
fluorescent lights and 4 people The room temperature to be 
maintained at 78 F c!b with 24-hour operation during the 
peak load periods 

Find: 

The actual cooling load at 4 p m (with the lights turned on 
as the people arrive at 8 a m ) 


Solution: 

The time elapsed after the lights are turned on is 8 hours 
(8 am to 4 p m ) 

Storage load factor = 87 (fable 12) 

Sensible heat gain from people = 215 Btu/hr 

(1 able 48 page 100) 

Actual cooling load 

= [(3X34 X 1.25 X 20X20) + (4 X215)]X 87 
= 5190 Btu/hr 


TABLE 6-PEAK SOLAR HEAT GAIN THRU ORDINARY GLASS* 

Btu/(hr)(sq ft) 


EXPOSURE NORTH LATITUDE 


NORTH 
:: LAT.V; 


SOUTH 

LAT. 


MONTH 


.MONTH 


Horix 


’ June 

July 4 May 
Aug & April 
Sept & March 
Oct & Feb T 
. Nov & Jan ft 

-T 


T:?./.;;V;Dec : T" 
(•feNov'4 Jan.-. 

Oct & Feb 
Sept &: March 
T. Aug £ April 
July & May 


T‘- V/.: June- 
p.^iSiuly &• Mayi,- 

|||Au fl &''April| 
.iTSepf & March 
’ Oct & Feb 


■ Dec - 1 -- 

T.Novi'&janT 
T Oct & Feb ( 
Sept 4 March 
;'Aug, t & April 
/July 4 May . 
June r \ 




TT*.'June 
. ;July & May 
?Aug & April': 
Sept 4 March 
Oct 4 Feb £ : 
Nov 4 Jan 
.Dec. 


' ' Dec 
N®vr 4 Jan 
Oct&Feb 
Sept 4 March 
'Aug 4 April 
July 4 May 

fet'Tv.ne V+:, 


: June .wT : ' 
Kjuly 4 May/'; 
(Aug 4 April 
Sept 4 March 
it Oct 4 Feb 
•;iNov 4, ; JgnSB( 


Dec , 
,Noy& Jan 
Oct 4 Feb 
(j-Sept 4 March 
^ Abg 4. April ; 

July 4 May 
(T'/T/Jun e .V/:-/' 


“June 

"'July 4 May¬ 
s’. 'Aug 4 April 
Sept 4 March 
Oct 4 Feb j 
ggffNov. 4 Jan 

teST'-:':. Dec, 


l^fT'Dec 

Nov 4 Jan 
((' Oct 4 Feb 
Sept 4' March 
Aug &-April- 
. July, 4 May 
V June ft- -,-. 


ig T'- June. 
July 4 May 
•;.'Aug 4 April.;: 
-Sept 4 March 
Oct 4 Feb V 
i’. Nov 4 Jan ? 
Dec.'.-?'"/! 


T/tT-Dec V ..7'~ 

Nov & Jan 
2, 0 el 4 Feb"!f 
Sept 4 March 
Aug & April 
July 4 May 
June 


Solar Gain 
Correction 


‘Abstracted from Table 15, page 43 


fSoIar heat gain on North exposure (in North latitudes) or on South exposure (in South latitudes) consists primarily of diffuse radiation which is essen¬ 
tially constant throughout the day The solar heat gain values for this exposure are the average for the 12 hr period (6 am to 6 p m ) The storage 
factors in Tables 7 thru il assume that the solar heat gain on the North (or South) exposure is constant. 


Steel Sash or 

Haie 

Altitude 

Dewpoint 

Dewpoint 

No Sash 

-15% (Max) 

+0 7% per 1000 ft 

Above 67 F 

Below 67 F 

X1/.85 or 1.17 


— 7% per 10 F 

+7% per 10 F 


, JR,. 

HE w 

E 



SW : 

W 

. |*W'; 

59 

156 

147 

42 

14 

42 

147 

156 

48 

153 

152 

52 

14 

52 

152 

153 

25 

141 

163 

79 

14 

79 

163 

141 

10 

118 

167 

118 

14 

118 

167 

118 

10 

79 

163 

141 

34 

141 

163 

79 

10 

52 

152 

153 

67 

153 

152 

52 

V 10 

42 

147 

156 

82 

156 

147 

42 

40 

153 

155 

55 

14 

55 

155 

153 

30 

148 

158 

66 

14 

66 

158 

148 

13 

130 

163 

94 

14 

94 

163 

130 

V; 10 

103 

164 

127 

28 

127 

164 

103 

i io 

66 

155 

149 

73 

149 

155 

66 

• 9 

37 

143 

161 

106 

101 

143 

37 

9 

28 

137 

163 

120 

163 

137 

28 

26 

154 

160 

73 

14 

73 

160 

154 

S 19 

138 

163 

85 

14 

85 

163 

138 

11 

118 

165 

113 

26 

113 

165 

118 

10 

87 

163 

140 

65 

140 

163 

87 

9 

52 

147 

160 

111 

160 

147 

52 

8 

26 

128 

164 

141 

164 

128 

26 

e 

18 

121 

167 

149 

167 

121 

18 

20 

139 

161 

90 

21 

90 

161 

139 

16 

131 

164 

100 

30 

100 

164 

131 

11 

108 

165 

129 

63 

129 

165 

108 

9 

90 

158 

152 

105 

152 

158 

90 

8 

39 

135 

163 

145 

163 

135 

39 

7 

16 

116 

162 

159 

162 

116 

16 

6 

12 

105 

162 

163 

162 

105 

12 

17 

133 

162 

111 

54 

111 

162 

133 

15 

127 

164 

125 

69 

125 

164 

127 

11 

102 

162 

146 

102 

146 

162 

102 

9 

58 

149 

162 

140 

162 

149 

58 

7 

35 

122 

163 

162 

163 

122 

35 

5 

12 

100 

156 

166 

156 

100 

12 

5 

10 

86 

148 

165 

148 

86 

10 

16 

126 

164 

135 

93 

135 

164 

126 

14 

117 

163 

143 

106 

143 

163 

117 

1 1 

94 

158 

157 

138 

157 

158 

94 

8 

58 

138 

163 

158 

163 

138 

58 

5 

29 

105 

157 

167 

157 

105 

29 

4 

9 

64 

127 

153 

127 

64 

9 

3 

7 

47 

116 

141 

116 

47 

7 

=■* 

SE /( 

E 

N£ 

N i 

NW , 

W 

SW 



EXPOSURE 

OUTH 

ATITUDE 
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TABLE 7—STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS 

WITH INTERNAL SHADE* 


24 Hour Operation, Constant Space Temperature! 


EXPOSURE 
(North Lai) 


SUN TIME 


EXPOSURE 
(South Lot) 

WEIGHT§ 

(lb per sq ft 
of floor area) 

AM 

PM 





AM 



6 

7 

8 

9 

10 

1) 

12 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

5 

Northeast 

150 & over 

100 

30 

47 

48 

.55 

58 

60 

.76 

54 

57 

73 

.42 

46 

.58 

.27 

30 

.36 

21 

24 

.24 

20 

20 

.19 

.19 

19 

.17 

18 

17 

.15 

17 

16 

.13 

16 

15 

.12 

14 

13 

.11 

12 

.11 

.07 

09 

08 

.04 

08 

07 

.02 

07 

06 

.02 

.06 

.05 

.01 

.06 

05 

.0! 

.05 

.04 

0 

.05 

04 

0 

04 

.03 

0 

04 

03 

0 

.04 

.02 

0 

03 

02 

0 

Southeast 

East 

150 & over 

too 

30 

39 

40 

.46 

56 

58 

.70 

62 

65 

• B0 

59 

.63 

.79 

49 ' 33 
52 ! 35 
.64 1.42 

23 

.24 

.25 

21 

22 

.19 

20 

20 

.16 

18 

18 

.14 

17 

16 

.11 

15 

14 

.09 

12 

12 

.07 

10 

09 

.04 

.09 

.08 

.02 

00 

.07 

.02 

08 

06 

.01 

07 

05 

.01 

.06 

05 

0 

.05 

04 

0 

.05 

04 

0 

05 

03 

0 

04 

03 

0 

04 

.02 

0 

East 

Southeast 

150 & over 

100 

30 

04 

03 

0 

.28 

.28 

.30 

47 

47 

.57 

.59 

61 

.75 

64 

67 

.84 

65 

.81 

53 

57 

.69 

41 

44 

.50 

27 

29 

.30 

24 

24 

.20 

21 

21 

.17 

.19 

18 

.13 

16 

IS 

.09 

14 

12 

.05 

12 

10 

.04 

n 

.09 

.03 

10 

08 

.02 

09 

07 

.01 

08 

06 

0 

07 

.05 

0 

06 

.05 

0 

06 

04 

0 

.05 

.04 

0 

05 

03 

0 

Northeast 

( ' 

150 & over 

100 

30 

06 

.04 

.10 

06 

04 

.21 

23 

22 

.43 

38 

38 

.63 

51 

52 

.77 

60 

63 

.86 

66 

70 

.88 

67 

71 

.82 

64 

.69 

.56 

59 

59 

.50 

42 

45 

.24 

24 

26 

.16 

22 

.22 

.11 

.19 

18 

.08 

17 

16 

.05 

15 

13 

.04 

.13 

12 

.02 

t2 

10 

.02 

11 

09 

.01 

10 

08 

.01 

09 

.07 

0 

.08 

.06 

0 

07 

06 

0 

.07 

05 

0 

North 

Southwest 

150 & over 

100 

30 

08 

.07 

.03 

.08 

08 

.04 

.09 

08 

.06 

.10 

08 

.07 

11 

10 

.09 

24 

24 

.23 

39 

40 

.47 

53 

55 

.67 

.63 

66 

.81 

66 

70 

.86 

61 

64 

.79 

47 

50 

.60 

23 

.26 

.26 

19 

.20 

.17 

18 

17 

.12 

16 

15 

.08 

14 

13 

.05 

.13 

11 

.04 

.11 

.10 

.03 

10 

.09 

.02 

.09 

08 

.01 

08 

.07 

.01 

08 

.06 

0 

07 

05 

0 

Northwest 

West 

150 & over 

100 

30 

08 

07 

.03 

09 

08 

.04 

.09 

08 

.06 

10 

09 

.07 

10 

09 

.08 

10 

09 

.08 

.10 

.09 

.08 

18 

.18 

.19 

.36 

.36 

.42 

52 

54 

.65 

.43 

66 

.81 

65 

.68 

.85 

55 

.60 

.74 

22 

25 

.30 

19 

20 

.19 

17 

17 

.13 

15 

.15 

.09 

14 

13 

.06 

12 

11 

.05 

11 

10 

.03 

10 

.08 

.02 

.09 

.07 

.02 

08 

.06 

.01 

07 

.05 

0 

West 

Northwest 

150 & over 

100 

30 

08 

.07 

.03 

09 

08 

.05 

10 

09 

.07 

10 

09 

.oa 

.10 

10 

.09 

10 

10 

.09 

10 

.10 

.10 

.10 

10 

.10 

16 

16 

.17 

33 

34 

.39 

49 

52 

.63 

61 

65 

.80 

60 

.64 

79 

.19 

23 

.28 

17 

18 

.18 

IS 

15 

.12 

13 

12 

.09 

12 

.11 

.06 

.10 

.09 

.04 

.09 

08 

.03 

08 

.07 

.02 

08 

.06 

.02 

07 

.06 

.01 

.06 

.05 

0 

Southwest 

North 

and 

Shade 

150 & over 

100 

30 

08 

06 

0 

.37 

31 

.25 

67 

67 

.74 

71 

72 

.83 

74 

76 

.88 

76 

79 

.91 

79 

81 

.94 

81 

83 

.96 

83 

85 

.96 

84 

87 

.98 

86 

88 

.98 

87 

90 

.99 

88 

91 

.99 

29 

30 

.26 

26 

26 

.17 

23 

22 

.12 

20 

19 

.08 

19 

16 

.05 

.17 

15 

.04 

15 

13 

.03 

.14 

12 

.02 

12 

10 

.01 

11 

.09 

.01 

10 

03 

.01 

South 

and 

Shade 


uation; Cooling Load, Btu/hr = [Peak solar heat gain, Btu/(hr) (sq ft), (Table 6)) 
X [Window area, sq ft] 

X [Shade factor Haze factor, etc, (Chapter 4)] 

X [Storage factor, (above Table at desired time)] 


ternal shading device is any type of shade located on the inside of the glass. 

,ese factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period Where the temperature is 
| owe d to swing, additional storage will result during peak load periods. Refer to Table 13 for appl.cable storage factors 

/<( tper *q ft of floor (Weigh t of Outside Walls, lb) + Vi (Weight of Portitions, Ploor and Cetling L ]b) 

Room on Bldg Exterior (One or more outside walls) = Floor Area in Room, sq ft 


Zi (Weight of Portitions, Floor and Ceiling, lb) 

Room in Bldg Interior (No outside walls) = ' Floor Area in Room, sq ft 

(Weight of Outside Walls, lb) -f (Weight of Floor, lb) + Zi (Weight of Partitions an 
Basement Room (Floor on ground) Floor Area in Room, sq ft 

(Weight of Outside Wall, Partitions, Floors, Ceilings, Structural Members and Supports, lb) 

Entire Building or Zone — Air Conditioned Floor Area, sq ft 

With rug on floor—Weight of floor should be multiplied by 0 50 to compensate for insulating effect of rug 
Weights per sq ft of common types of construction are contained in Tables 27 thru 33, pages 66 thru 76 


d Ceiling, lb) 
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TABLE 8 — STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS 

WITH BARE GLASS OR WITH EXTERNAL SHADEf 


24 Hour operation. Constant Space Temperature! 


EXPOSURE 
(North Lot) 


SUN TIME 


EXPOSURE 
(South Lot) 

WEIGHTS 
(lb per sq ft 

AM 

PM 




AM 



of floor area) 

6 

7 

8 

9 

T7 


12 

1 

2 

3 

4 

5 

6 7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

5 

Northeast 

150 & over 

100 

30 

17 

19 

31 

.27 

.31 

56 

33 

38 

.65 

.33 

39 

.61 

31 

36 

.46 

29 

.33 

27 

27 

.26 

25 

24 

.21 

23 

22 

.18 

22 

.21 

.16 

20 

19 

.14 

19 

17 

.12 

.17 

16 

09 

15 

14 

.06 

14 

.12 

.04 

12 

10 

.03 

11 

07 

.02 

10 

08 

.01 

09 

07 

.01 

.08 

06 

.01 

.07 

:o5 

0 

.07 

05 

0 

06 

04 

0 

06 

03 

0 

Southeast 

East 

150 & over 

100 

30 

16 

14 

.27 

26 

29 

.50 

34 

40 

.67 

39 

46 

.73 

.40 

« 

.66 

38 

42 

.53 

34 

36 

.38 

30 

31 

.27 

28 

28 

.22 

26 

25 

.18 

23 

23 

.15 

22 

.20 

.12 

20 

.18 

.09 

18 

15 

.06 

16 

14 

.04 

14 

12 

.03 

13 

11 

.02 

12 

09 

.01 

10 

08 

.01 

09 

08 

.01 

08 

06 

.01 

08 

06 

0 

07 

05 

0 

06 

.04 

.01 

East 

Southeast 

150 8 over 

100 

30 

08 

05 

0 

14 

12 

.18 

22 

23 

.40 

31 

35 

.59 

» 

44 

.72 

43 

49 

.77 

44 

51 

.72 

43 

47 

.60 

39 

41 

.44 

35 

36 

.32 

32 

31 

23 

29 

27 

.18 

26 

24 

.14 

23 

21 

.09 

.21 

IS 

.07 

.19 

16 

.05 

.16 

14 

.03 

15 

12 

.02 

13 

10 

.01 

12 

09 

.01 

11 

08 

.01 

10 

08 

0 

.09 

06 

0 

08 

06 

0 

Northeast 

South 

150 8 over 

100 

30 

10 

07 

0 

10 

06 

0 

13 

12 

.12 

20 

.20 

.29 

28 

30 

.48 

35 

39 

.64 

42 

48 

.75 

48 

54 

.82 

51 

58 

.81 

51 

57 

.75 

48 

.53 

.61 

42 

45 

.42 

37 

37 

.28 

33 

31 

.19 

29 

27 

.13 

26 

23 

.09 

.23 

20 

.06 

21 

.18 

.04 

19 

16 

.03 

17 

14 

02 

.15 

12 

.01 

14 

11 

.01 

13 

10 

0 

12 

00 

0 

North 

Southwest 

150 8 over 

100 

30 

11 

.09 

.02 

10 

09 

.03 

10 

08 

.05 

10 

09 

.06 

10 

09 

.08 

14 

14 

.12 

21 

.22 

34 

29 

31 

.53 

36 

42 

.68 

43 

50 

.78 

.47 

53 

.78 

46 

51 

.68 

.40 

44 

.46 

34 

35 

.29 

30 

29 

.20 

27 

26 

.14 

24 

22 

.09 

22 

19 

.07 

20 

17 

.05 

18 

15 

.03 

16 

13 

.02 

14 

12 

.02 

13 

11 

.01 

12 

09 

.01 

Northwest 

West 

150 8 over 

100 

30 

.12 

.09 

.02 

II 

09 

.03 

H 

09 

.05 

.10 

09 

06 

10 

09 

.07 

10 

.09 

.07 

10 

10 

.08 

13 

12 

.14 

19 

19 

.29 

27 

30 

.49 

36 

40 

.67 

42 

48 

.76 

44 

51 

.75 

38 

42 

.53 

33 

35 

.33 

29 

30 

.22 

26 

25 

.15 

23 

22 

.11 

21 

19 

.08 

18 

16 

.05 

16 

14 

.04 

.15 

.13 

.03 

13 

11 

.02 

12 

.09 

.01 

West 

Northwest 

150 4 over 

100 

30 

10 

08 

.02 

10 

09 

.04 

10 

09 

.05 

10 

09 

.07 

10 

09 

.08 

10 

09 

.09 

.10 

.09 

.10 

10 

09 

.10 

12 

11 

.13 

17 

19 

.27 

.25 

*29 

.48 

34 

40 

.65 

39 

46 

.73 

34 

40 

.49 

29 

32 

.31 

26 

26 

.21 

23 

22 

.16 

20 

19 

.10 

18 

16 

.07 

16 

14 

.05 

14 

13 

.04 

.13 

11 

.03 

12 

10 

.02 

10 

.08 

.01 

Southwest 

North 

and 

Shade 

150 4 over 

100 

30 

16 

It 

0 

23 

33 

.48 

33 

.44 

.66 

41 

51 

.76 

47 

57 

.82 

52 

62 

.87 

57 

66 

.91 

61 

70 

.93 

66 

74 

.95 

69 

76 

.97 

72 

79 

.98 

74 

80 

.98 

59 

60 

.52 

52 

51 

.34 

46 

44 

.24 

42 

37 

.16 

37 

32 

.1 1 

34 

.29 

.07 

31 

27 

.05 

27 

23 

.04 

.25 

21 

.02 

23 

18 

.02 

21 

.16 

.01 

17 

13 

.01 

South 

and 

Shade 


Equation; Cooling Load, Btu/hr = [Peak solar heat gain, Btu/{hr) (sq ft) {Table 6)) 

X [Window area, sq fl| 

X [Shade factor Haze factor, etc, (Chapter 4)) 

X (Storage factor, (above Table at desired time)) 


Bare glass - An/ window with no inside shading device Windows with shading devices on the outside or shaded by external projections are 

considered bare glass . 

These factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period Where the temperature is 
allowed to swing, additional storage will result during peak load periods Refer to Table 13 for applicable storage factors 

Weight per sq ft of floor- (Weight of Outside W alls, lb ) + '/a (W eight of Positions floor ond CeilingJb) 

Room on Bldg Exterior (One or more outside walls) = " floor Areo ; n Room sq ft 

Zi (Weight of Partitions, Floor ond Ceiling, lb) 

Room in Bidg Interior (No outside walls) = Floor a77o in Room, sq ft _ ~ 

(Weight of Out side Walls, lb) + (Weight of Floor, lb) + Yt (W eight of Part itions and Ceding,jb) 
Basement Room (Floor on ground) = Floor Area in Room, sq ft 

(Weight of Outsi de Wall, Partiti ons, Floors, Ceilings, Structura l Membe rs and Supports, lb) 

Entire Building or Zone — Air Conditioned Floor Area, sq ft 

With rug on floor-Weight of floor should be multiplied by 0.50 to compensate for insulating effect of rug 
Weights per sq ft of common types of construction are contained in Tables 21 thru 33 pages 66 thru 76 



Ait Costditioainff Company 




iiKSis? 5 £.«?» 








-32 


PART 1 LO \D ESTINfA I !NG 


TABLE 9—STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS 

WITH INTERNAL SHADING DEVICE* 


]6 Hour Operation, Constant Space Temperature! 


EXPOSURE 
(North Lot) 

WE1GHT§ 

(lb per sq ft 
of floor area) 

SUN TIME 

EXPOSURE 
(South Lot) 

AM 

PA 

A 




6 

7 

8 

9 

10 

11 

12 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Northeast 

ISO & over 

100 

30 

53 

53 

.56 

64 

65 

.77 

59 

61 

.73 

47 

50 

.58 

.31 

33 

.36 

25 

27 

.24 

24 

22 

.19 

22 

21 

.17 

18 

.17 

.15 

17 

16 

.13 

16 

15 

.12 

14 

13 

.11 

12 

11 

.07 

.09 

.08 

.04 

03 

.07 

.02 

07 

06 

.02 

Soulheast 

East 

150 & over 

too 

30 

.47 

.46 

.47 

63 

63 

.71 

68 

70 

.80 

64 

.67 

.79 

54 

56 

.64 

38 

38 

.42 

27 

27 

.25 

25 

24 

.19 

.20 

20 

.16 

18 

13 

.14 

17 

16 

.11 

15 

14 

.09 

12 

.12 

.07 

10 

09 

.04 

09 

08 

.02 

03 

07 

.02 

East 

Southeast 

150 & over 

100 

30 

14 

11 

.02 

37 

35 

.31 

55 

53 

.57 

66 

.66 

.75 

70 

72 

.84 

68 

69 

.81 

58 

61 

.69 

46 

.47 

.50 

27 

29 

.30 

24 

.24 

.20 

2! j 19 

21 18 
.17 i .13 

16 

15 

.09 

14 

12 

.05 

12 

.10 

.04 

11 

09 

.03 

Northeast 

South 

150 & over 

100 

30 

1? 

16 

.12 

13 

14 

.23 

34 

31 

.44 

48 

.46 

.64 

60 

59 

.77 

68 

69 

.86 

73 

76 

.88 

74 

70 

.82 

64 

69 

.56 

59 

59 

.50 

42 

45 

.24 

24 

26 

.16 

22 

22 

.11 

19 

18 

.08 

17 

16 

.05 

15 

13 

.04 

North 

’ /-- 

Southwest 

150 a over 

100 

30 

.22 

20 

.08 

21 

.19 

08 

20 

18 

.09 

20 

17 

.09 

20 

18 

.10 

32 

31 

.24 

47 

46 

.47 

60 

.60 

.67 

63 

66 

.81 

66 

70 

.86 

61 

64 

79 

2 

.60 

23 

26 

.26 

19 

.20 

.17 

18 

17 

.12 

16 

15 

.08 

Northwest 

West 

150 « over 

.. 100 

30 

23 

22 

.12 

23 

21 

.10 

21 

19 

.10 

21 

19 

.10 

20 

17 

.10 

19 

16 

.10 

18 

15 

.09 

25 

23 

.19 

36 

36 

.42 

52 

54 

.65 

.63 

.66 

.81 

.65 

68 

.85 

55 

60 

.74 

22 

25 

.30 

.19 

20 

.19 

17 

17 

.13 

West 

Northwest 

150 a over 

100 

30 

21 

.19 

.12 

21 

19 

.11 

20 

IB 

.11 

.19 

.17 

.11 

18 

17 

.11 

18 

16 

.11 

17 

.16 

.11 

16 

15 

.10 

16 

16 

.17 

33 

34 

.39 

49 

52 

.63 

6. 

65 

.80 

.60 

23 

.79 

.19 

18 

.28 

17 

.15 

.18 

15 

12 

.12 

Southwest 

North 

and 

Shade 

150 8 over 

100 

30 

23 

25 

.07 

.58 

.46 

.22 

75 

73 

.69 

79 

78 

.80 

80 

82 

.86 

00 

82 

.93 

81 

83 

.94 

.82 

.84 

.95 

83 

85 

.97 

84 

87 

.98 

86 

88 

.98 

87 

89 

88 

90 

.99 

39 

.40 

.35 

35 

34 

.23 

31 

29 

.16 

South 

and 

Shade 


Equation: Cooling load Btu/hr = (Peak solar heat gain. 8tu/(hr) (sq ft), (Table 6)] 

X [Window area, sq ftj 

X [Shade factor, Haze factor, etc., (Chapter 4}] 

X [Storage factor, (above Table at desired time)] 


'Internal shading device is any type of shade located on the inside of the glass, 
tThese factors apply when maintaining a CONSTANT TEMPERATURE in the space during 
allowed to swing, additional storage will result during peak load periods Refer to Table 


the operating period Where the 
f3 for applicable storage factors 


temperature 


is 


jWei^ht per sq ft of floor — 

\ ) (Weight of Outside Walls, lb) + Vi (Weight of Partitions, Floor and Ceilin gjb) 

Room on Bldg Exterior (One or more outside walls) = Floor Area in Room, sq ft 

Zi (Weight of Par titions, Floor and Ceiling, lb) 

Room in Bidg interior (No outside walls) = Floor Area in Room, sq ft 

(Weight of Outside Walls, lb) + (Weight of Flo or, lb) + Vi (Weight of Partitions and Ceiling, lb) 
Basement Room (Floor on ground) — Floor Area in Room sq ft 

(Weight of Outside Wall, Pa rtitions, Floors, Ceilings, Structural Members and Supportsjb ) 

Entire Building or Zone = ' Air Conditioned Floor Area, sq ft 

With rug on floor-Weight of floor should be multiplied by 0 50 to compensate for insulating effect of rug 

Weights per sq ft of common types of construction are contained in Tables 21 thru 33 pages 66 rnru 76 
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TABLE 10-STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS 

WITH BARE GLASS OR WITH EXTERNAL SHADE! 


16 Hour Operation, Constant Space Temperature! 


EXPOSURE 
(North Lai) 


SUN TIME 

EXPOSURE 
(South Lai) 

(lb per sq fl 

AM 

PA 

A 




of floor area) 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Northeast 

150 S over 

100 

30 

23 

28 

.33 

37 

39 

.57 

42 

tS 

.66 

41 

.45 

.62 

38 

41 

.46 

36 

39 

.33 

33 

31 

.26 

31 

27 

.21 

23 

22 

.18 

22 

21 

.16 

20 

19 

.14 

19 

.17 

12 

17 

16 

.09 

15 

..14 

.06 

14 

12 

.04 

12 

10 

.03 

Southeast 

Easl 

150 8 over 

100 

30 

29 

27 

.29 

38 

38 

.51 

.6S 

48 

54 

.74 

48 

52 

.69 

46 

48 

.53 

41 

41 

.38 

36 

35 

.27 

28 

28 

.22 

26 

25 

.18 

23 

23 

.15 

22 

20 

.12 

20 

18 

.09 

18 

15 

.06 

16 

14 

.04 

14 

12 

.03 

Easl 

Southeast 

150 & over 

too 

30 

24 

19 

.03 

29 

24 

.20 

35 

33 

.41 

43 

44 

60 

49 

52 

.73 

53 

57 

77 

53 

57 

.72 

51 

53 

.60 

39 

41 

.44 

35 

36 

.32 

,32 

31 

.23 

29 

17 

.18 

26 

24 

.14 

23 

21 

.09 

.21 

IS 

07 

19 

16 

.05 

Northeast 

South 

150 & over 

100 

30 

33 

27 

.06 

31 

24 

.04 

32 

28 

.15 

37 

.34 

.31 

43 

42 

.49 

49 

50 

.65 

55 

58 

.75 

60 

60 

.82 

57 

60 

.81 

51 

57 

.75 

48 

53 

.61 

42 

45 

.42 

37 

37 

.28 

33 

31 

.19 

29 

27 

.13 

26 

23 

.09 

North 

Southwest 

150 a over 

100 

30 

.35 

31 

.11 

32 

28 

.10 

30 

25 

.10 

28 

24 

.09 

.26 

22 

.10 

28 

26 

.14 

30 

33 

.35 

37 

40 

.54 

.43 

46 

.68 

47 

50 

.78 

46 

53 

.78 

.40 

51 

.68 

.34 

.44 

.46 

30 

35 

.29 

27 

29 

.20 

24 

26 

.14 

Northwest 

West 

150 & over 

100 

30 

38 

34 

.17 

34 

.31 

.14 

32 

28 

.13 

28 

25 

.11 

26 

23 

.11 

25 

22 

.10 

23 

21 

.10 

25 

21 

.15 

26 

23 

.29 

27 

30 

.49 

36 

40 

.67 

42 

48 

.76 

44 

51 

.75 

38 

43 

.53 

33 

35 

.33 

29 

30 

.22 

West 

Norlhwost 

150 a over 

100 

30 

.33 

30 

.18 

30 

28 

.14 

.28 

25 

.12 

26 

23 

.12 

.24 

22 

.12 

23 

20 

.12 

22 

19 

.12 

20 

17 

.11 

18 

17 

.13 

17 

.19 

.27 

25 

29 

.48 

34 

.40 

.65 

39 

.46 

.73 

34 

40 

.49 

29 

32 

.31 

26 

26 

.21 

Southwest 

North 

and 

150 a over 

100 

30 

,31 

30 

.04 

57 

47 

.07 

64 

60 

.53 

68 

.67 

.70 

.72 

72 

.78 

73 

74 

.84 

73 

77 

.88 

74 

78 

.91 

74 

79 

.93 

75 

80 

.9S 

76 

81 

.97 

78 

82 

.98 

78 

83 

.99 

59 

60 

.62 

.52 

51 

.34 

46 

44 

.24 

South 

and 

Shade 



— 

— 





Equation: Cooling Load, Btu/hr = (Peak solar heat gain, Btu/(hr) (sq ft) (Table 6)j 

X [Window area, sq ft) 

X [Shade factor Haze factor, etc (Chapter 4)) 

X [Storage factor, (above Table at desired time)) 


JBare glass -Any window with no inside shading device Windows with shading devices on the outside or shaded by external projections are 

considered bare glass _ . 

tThese factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating per.od Where the temperature 
allowed to swing additional storage will result during peak load periods Refer to Table 13 for applicable storage factors 

§VVeight per sq ft of floor — 

(Weigh t of Outside Wolls, lb) + Vi (Weight of Partitions, floo r and Ceiling, lb) 

Room on Bldg Exterior (One or more outside walls) = Floor Area in Room, sq ft 

Zi (W eight of Partitions, Floor and Ceiling , lb) 

Room in Bldg Interior (No outside walls) = Floor Area in Room, sq ft 

( Weight of Outside Wolls, lb) + (Weight of Floor, lb) + 16 (Weigh t^f_Partitions_and Ceiling, lb) 
Bosement Room (Floor on ground) = Floor Area in Room, sq ft 

(Weig ht of Outside Wall, Partitions, Floors, Ceilings, Structural Members and Supports, lb) 

Entire Building or Zone = — Air Conditioned Floor Area sq ft 

With rug on floor—Weight of floor should be multiplied by 0 50 to compensate for insulating effect of rug 
Weights per sq ft of common types of construction are contained in Tab/es 2? thru 33 pages 66 thru 76 



Ail Conditioning Company 
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{’ \ R I 1 LOAD ESTIMATING 


TABLE 11-STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS 

12 Hour Operation, Constant Space Temperature! 


WE1GHT§ 


INTERNAL SHADE* 


BARE GLASS OR EXTERNAL SHADEt 


SUN TIME 


EXPOSURE 
(North Lai) 

(lb per sq ff 
of floor area) 

AM . .. 

PM 

AM 

PM 

(South Lat) 


6 

7 

3 

9 

10 

11 

12 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

5 


’ ..- 

150 & over 

59 

67 

62 

49 

33 

27 

25 

24 

22 

21 

20 

17 

34 

.42 

47 

45 

42 

.39 

36 

33 

30 

29 

26 

25 


Northeast 

100 

59 

68 

64 

52 

35 

29 

24 

23 

20 

19 

17 

.15 

35 

45 

50 

49 

45 

42 

34 

30 

27 

26 

.23 

20 

Southeast 


' 30 

.62 

.80 

.75 

.60 

.37 

.25 

.19 

.17 

.15 

.13 

.12 

.11 

.40 

.62 

.69 

.64 

.48 

.34 

.27 

.22 

.18 

.16 

.14 

.12 



150 & over 

51 

66 

71 

67 

57 

40 

29 

26 

25 

23 

21 

19 

36 

44 

50 

53 

53 

50 

.44 

39 

36 

.34 

30 

28 


East 

too 

52 

67 

73 

70 

58 

40 

29 

26 

24 

21 

.19 

16 

34 

44 

54 

58 

57 

51 

44 

39 

34 

31 

28 

24 

East 


• 30 

.53 

.74 

.82 

.81 

.65 

.43 

.25 

.19 

.16 

.14 

.11 

.09 

.36 

.56 

J71 

.76 

.70 

.54 

.39 

.28 

.23 

.18 

.15 

.12 



150 & over 

20 

42 

59 

70 

74 

71 

61 

48 

33 

30 

26 

.24 

34 

37 

43 

50 

54 

58 

57 

S5 

.50 

45 

41 

37 


Southeast 

100 

18 

40 

57 

70 

75 

.72 

63 

49 

34 

28 

25 

21 

29 

33 

41 

51 

58 

61 

61 

56 

49 

44 

37 

33 

Northeast 


30 

.09 

.35 

.61 

.78 

.86 

82 

.69 

.50 

.30 

.20 

.17 

.13 

.14 

27 

.47 

.64 

.75 

.79 

.73 

.61 

.45 

.32 

.23 

.18 


, - - 

150 & over '" 

28 

25 

40 

53 

64 

72 

77 

77 

73 

67 

49 

31 

47 

43 

42 

46 

.51 

56 

61 

65 

66 

65 

61 

54 



100 

26 

22 

38 

51 

64 

73 

79 

79 

77 

65 

.51 

31 

44 

37 

39 

.43 

50 

57 

64 

68 

70 

68 

63 

53 

North 


30 : . ' 

.21 

.29 

.48 

.67 

.79 

.88 

.89 

.83 

.56 

.50 

.24 

.16 

.28 

.19 

.25 

.38 

.54 

.68 

78 

.84 

.82 

.76 

.61 

.42 


1 ,•-=*■■■ r{ 

■; isO & over 

31 

27 

27 

26 

25 

27 

50 

63 

72 

74 

69 

54 

.51 

44 

40 

37 

34 

36 

41 

47 

54 

57 

60 

58 


Southwest 

. '' loo 

33 

28 

25 

23 

23 

35 

50 

.64 

74 

77 

.70 

55 

53 

44 

37 

35 

31 

33 

39 

.46 

55 

62 

64 

60 

Northwest 


\ ' :■ 30 

.29 

.21 

.18 

.15 

.14 

.27 

.50 

.69 

.82 

.87 

.79 

.60 

.48 

.32 

.25 

.20 

.17 

.19 

.39 

.56 

.70 

.80 

.79 

.69 



*’150 & over 

63 

.31 

28 

27 

25 

24 

22 

29 

46 

.61 

71 

72 

56 

49 

44 

39 

36 

33 

31 

31 

35 

42 

.49 

54 


West 

A lOOL-; 

.67 

33 

28 

26 

24 

22 

20 

28 

44 

.61 

72 

73 

60 

.52 

44 

39 

34 

31 

29 

28 

33 

.43 

51 

57 

West 


r -.30 

.77 

.34 

.25 

.20 

.17 

.14 

.13 

.22 

.44 

.67 

.82 

.85 

.77 

.56 

.38 

.28 

.22 

.18 

.16 

.19 

.33 

.52 

.69 

.77 

•LiA/.--- ' . 


| 150 4 over 

68 

28 

27 

25 

23 

22 

20 

.19 

24 

41 

56 

67 

49 

44 

39 

36 

33 

30 

28 

26 

26 

30 

37 

44 


Northwest 

100 ' ■; 

71 

31 

27 

24 

22 

21 

.19 

.18 

23 

40 

58 

70 

54 

49 

41 

.35 

31 

28 

25 

23 

24 

.30 

.39 

48 

Southwest 

30 . ■ 

.82 

.33 

.25 

.20 

.18 

.15 

.14 

.13 

.19 

.41 

.64 

.80 

.75 

.53 

.36 

.28 

.24 

.19 

.17 

.15 

.17 

.30 

.50 

.66 


North 

hi-.,.-/ yy.,- 

.=! 150 & over 

96 

96 

96 

96 

96 

.96 

96 

96 

96 

96 

96 

.96 

.75 

75 

79 

83 

84 

86 

.88 

88 

91 

92 

93 

93 

South 

and 

100 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.81 

.84 

.86 

.89 

91 

.93 

.93 

.94 

.94 

.95 

.95 

.95 

and 

Shade 

■V; Shade f 

5 ^'.30,, 






—1.00— 








— 



—1.00 — 





-y 


Equation: Cooling Load, Btu/hr 


[Peak solar heat gain, Btu/(hr) (sq ft), (Table 6)] 

X (Window area, sq ft] 

X [Shade factor, Haze factor, etc, (Chapter 4)] 

X [Storage factor, (above Table ot desired time)) 


‘Internal shading device is any type of shade located on the inside of the glass 

| Be re glass —Any window with no inside shading device Windows with shading devices on the outside or shaded by external projections are 
considered bore glass 

fThese factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period Where the temperature is 
( owed to swing, additional storage will result during peak load periods Refer to Table 13 for applicable storage factors 

§Weigh! per sq ft of floor — 

(Weight of Outside Wa lls, lb) + ] A (Weight of Partitions, floor and Ceiling, lb) 

Room on Bldg Exterior (One or more outside walls) = floor Area jn Roonl( 5q f t 

Zi (Weight of Partitions, Floor and Ceiling, lb) 

Room in Bldg Interior (No outside wails) = f| oor Area |n Roo(Tlf Jq ft 

(W eight of Outside Wolls, lb) + (Weight of Floor, lb) + Vi (Weight of Partitions and Ceiling, lb) 
Basement Room (Floor on ground) = Floor Area in Room, sq ft 

(Weight of Outsi de Wall, Partitions, Floors, Ceilings, Structural Members and Supports, lb) 

Entire Building or Zone — A j r Conditioned Floor Area, sq ft 

With rug on fioor—Weight of floor should be multiplied by 0 50 to compensate for insulating effect of rug 
Weights per sq ft of common types of construction ore contained in Tab/es 21 thru 33, pages 66 thru 76 
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TABLE 12— STORAGE LOAD FACTORS, HEAT GAIN—LIGHTS* 

Lights On 10 Hoursf with Equipment Operating 12, 16 and 24 Hours, Constant Space Temperature 


EQUIP 

OPER- WEIGHT§ 

ATION (lb per sq ft - 7 --— 

Hours of floor area) Oil 2 

150 i over 37! 67 71 

24 100 .31 | 67 72 

30 .25 1.74 83 


150 & over 
100 
30 

150 8 over 
100 
30 


NUMBER OF HOURS AFTER LIGHTS ARE TURNED ON 

5 I 6 i 7 ! 8 I 9 ! loll! Il 2 Il3|l4 I 15 i 16 [ 17~| 18 i 19 I 20 I 21 I 22 I 23 


.57 89 91 


3 U £ 

in ® x 

C — 0.-1 
fi T3 X - 
" »iu e 




150 H> over 
100 
30 


•150 & over .69 86 89 90 91 

. 100 58 85 88 88 .90 

v 30 .40 . 8 ! .88 .91 .93 1. 


79 

81 

83 

84 

86 

81 

83 

85 

87 

88 

.94 

.96 

.96 

.98 

.98 

84 

85 

85 

86 

88 

88 

88 

89 

89 

90 

.95 

.96 

.96 

.98 

.98 

94 

95 

95 

95 

96 

94 

95 

.95 

96 

96 

97 

.98 

.98 

.99 

.99 

71 

74 

77 

.79 

81 

75 

78 

80 

82 

84 

92 

.94 

.95 

.97 

.98 

81 

82 

83 

84 

86 

82 

.83 

84 

.85 

87 

93 

m 

.95 

.97 

.98 


150 & over 34; 55 61 65 68 71 74 77 .79 81 83 39 35 31 ,28 25 23 20 18 16 15 14 12 11 

100 24156 63 68 72 75 78 80 82 .84 .86 40 34 29 25 20 .18 17 15 14 12 10 09 08 


.17; 65 .77 84 .88 .92 .94 .95 .97 .98 .98 .35 .23 [. 16 .11 .07 .05 .04 .03 .02 .01 .01 0 



" -o — » 

— •'•s'* 
11 3 in 

£ *U 
One 
-a t- 
c 9 ) c 3 
S * D » 

1. H 

O ~ 

.2 —1 "3 

u. O . 


150 & over 

'V 100 

• 30 * .. 

150 & over 
100 
30 

150 & over 
100 
30 


23 j 33 4! 47 52 57 61 66 .69 72 74 59 52 46 42 

.171 .33 .44 52 ,56 61 66 69 74 77 79 60 51 44 37 

0 .48 .66 .76 .82 .87 .91 .93 .95 .97 .98 .52 .34 .24 .16 


.75 79 831 84 .86 88 89 91 91 .93 93 75 

.68 .77 81 | 84 86 88 89 .89 92 93 93 .72 

.34 .72 .82 .87 .89 .92 .95 .95 .97 .98 .98 .52 


52 

46 

.42 

37 

34 

31 

27 

25 

23 

21 

51 

44 

37 

32 

.30 

27 

23 

20 

18 

16 

.34 

.24 

.16 

.11 

.07 

.05 

.04 

.02 

.02 

.01 

52 

46 

42 

37 







.51 

44 

.37 

.32 







.34 

.24 

.16 

.11 








*These factor* apply when maintaining o CONSTANT TEMPERATURE in the space during the operating period Where the temperature is allowed to 
swing, additional storage will result during peak load periods. Refer to Table 13 for applicable storage factors 
With lights operating the same number of hours os the time of equipment operation, use a load factor of 1 00 


|Lights On for Shorter or Longer Period than 10 Hours 

Occasionally adjustments may be required to take account of lights 
operating less or more lhan the 10 hours on which the table is based 
The following is the procedure to adjust the load factors: 

A-WITH LIGHTS IN OPERATION FOR SHORTER PERIOD THAN 10 
HOURS and the equipment operating 12, 16 or 24 hours at the time 
of the overall peak load, extrapolate load factors as follows: 

1 . Equipment operating for 24 hours: 

a Use the storage load factors as lifted up to the time the lights 
are turned off. 

b. Shift the load factors beyond the 10th hour (on the right of 
heavy line) to the left to the hour the lights are turned off 
This leaves last few hours of equipment operation without 
designated load factors. 

c Extrapolate the last few hours at the same rate of reduction 
as the end hours in the table 

2 Equipment operating for 16 hours: 

a Follow the procedure in Step 1, using the storage load factor 
values in 24-hour equipment operation table 

b Now construct a new set of load factors by adding the new 
values for the 16th hour to that denoted 0 17th hour to the 
1 st hour, etc. 

C The load factors for the hours succeeding the switching off the 
lights are as in Steps lb and lc 


3 Equipment operating for 12 hours: 

Follow procedure in Step 2, except in Step 2b add values of 
12 th hour to that designated 0 , 13th hour to the 1 st hour, etc 

B-WITH LIGHTS IN OPERATION FOR LONGER PERIOD THAN 10 
HOURS and the equipment operating 12. 16 or 24 hours at the time 
of the overall peak load, extrapolate load factors as follows: 

1 Equipment operating for 24 hours: 

a Use the load factors as listed through 1 0th hour and extrapolate 
beyond the 10th hour at the rate of the last 4 hours, 
b Follow the same procedure as in Step 1 b of A except shift 
load factors beyond 10 th hour now to the right, dropping off 
the last few hours 

2 Equipment operating for 16 hours or 12 hours: 

a Use the load factors in 24-hour equipment operation table as 
listed through 10th hour and extrapolate beyond the iOlh 
hour at the rate of the last 4 hours 
b Follow the procedure in Step lb of A except shift the load 
factors beyond 10 th hour now to the right 
c For 16-hour equipment operation, follow the procedure in 
Steps 2b and 2c of "A" 

d For 12-hour equipment operation, follow the procedure in 
Step 3 of ' A '. 


Air Conditiaainff Company 
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xample 

Adjust values for 24-hour equipment operation and derive new values for 16 hour equipment operation for fluorescent lights in operation 3 and 
3 hours and an enclosure of 150 Ib/sq ft of floor 


EQUIP 

OPERATION 

Hours 

WEIGHTS 
(lb per sq ft 
of floor area) 

NUMBER OF HOURS AFTER LIGHTS ARE TURNED ON 

LIGHTS 

ON 

Hours 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 



37 

.67 

71 

74 

76 

.79 

81 

83 

84 

86 

87 

89 

.90 

92 

29 

.26 

23 

20 

19 

17 

.15 

14 

12 

11 

13 

24 

150 

37 

.67 

71 

74 

76 

79 

81 

83 

84 

29 

26 

.23 

20 

19 

17 

15 

.14 

.12 

11 

.10 

.09 

08 

07 

06 

8 



37 

.67 

.71 

.74 

.76 

.79 

.81 

.83 

84 

.86 

.87 

.29 

26 

.23 

.20 

.19 

.17 

.15 

.14 

.12 

.11 

.10 

.09 

.08 

10 



60 

87 

90 

91 

91 

93 

.93 

94 

94 

95 

95 

96 

96 

97 

.29 

26 









13 

16 

150 

51 

.79 

82 

84 

85 

37 

08 

89 

90 

29 

.26 

23 

20 

19 

17 

15 









8 



.60 

.32 

.83 

.84 

.84 

.84 

.85 

.85 

.86 

.86 

.90 

.32 

.28 

.25 

.23 

.19 
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;Weigh! per sq ft of floor — 

(Weight of Outside Wall s, lb) + Vi (Weight of Partitions, Floor a nd Ceiling, lb) 
Room on Bldg Exterior (One or more outside walls} « - — F , oor ' Area in Roon1) lq f, 

Vl (Weight of Partitions, Floor and Ceiling, lb) 

Room in Bldg Interior (No outside walls) - Floor Area in Room“q ft 

j (Weight of Outside Walls, lb) + (Weight of Floor, lb) + Vi (Weight of Partitions and Ceiling, l b) 

£ nent Room (Floor on ground) = " Floor Area in Room, sq ft 

(Weight of Outside Wall. Partitions, Floors, Ceilings, Stru ctural Members and Supports, lb) 

Entire Building or Zone = TiTc^ndi.loned Floor Area, sq ft 

With rug on floor—Weight of floor should be multiplied by 0 50 to compensate for insulating effect of rug 
Weights per sq ft of common types of construction ore contained in Tables 21 thru 33, pages 66 thru 76 


SPACE TEMPERATURE SWING 

In addition to the storage of radiant heat with a 
constant room temperature, heat is stored in the 
bidding structure when the space temperature is 
orced to swing. It the cooling capacity supplied to 
he space matches the cooling load, the temperature 
n the space remains constant throughout the 
operating period On the other hand, if the cooling 
rapacity supplied to the space is lower than the 
ictual cooling load at any point, the tempeiature 
n the space will rise As the space tempeiatuie 
net ies, less heat is convected from the surface 
ind more radiant heat is stored in the structure. 
This process of storing additional heat is illustrated 
n fig. 11. 



Tic. 11 — Actual. Cooling Load With Varying 
Room Temperature 


The solid cmve is the actual cooling load from 
the solar heat gain on a west exposure with a con¬ 
stant space temperature, 24-hour operation. Assume 
that the maximum cooling capacity available is rep¬ 
resented by A, and that the capacity is controlled to 
maintain a constant temperature at partial load 
When the actual cooling load exceeds the available 
cooling capacity, the temperature will swing as 
shown in the lower curve The actual cooling load 
with tempeiature swing is shown by the dotted 
line This operates in a similar manner with 
different periods of operation and with different 
types of construction. 

NOTE: When a system is designed foi a tempeiature swing. 

the maximum swing occurs only at the peak on design 
days which are defined as those days when all loads 
simultaneously peak. Under normal operating condi¬ 
tions, the temperature remains constant or dose to 
constant 

Basis of Table 13 
— Storage Factors, 

Space Temperature Swing 

The storage factors in Table 13 were computed 
using essentially the same procedure as Tables 7 
thru 12 with the exception that the equipment 
capacity available was limited and the swing in 
room temperature computed. 

The magnitude of the storage effect is determined 
largely by the thermal capacity or heat holding 
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TABLE 13-STORAGE FACTORS, SPACE TEMPERATURE SWING 

Bfu/(hr) (deg F swing) (sq ft of floor area) 

NOTE; This reduction is to be taken at the time of peak load only 


( 






WEIGHT 

GLASS 
RATIO* 
(%) - 



TYPE APPLICATION 


(Ib/sq ft 

_ 

24 



16 



12 



Load 

Pattern 

Bldg Type 

floor 






area) 

BO 

ESI 

HI 

BO 

wn 

ES3 

KQ 

1121 

IESJ 





150 

75 

I 1 90 



in 


tm 

wm 

1 50 

ms 


wBBm 



and 

50 

uZi] 


ini 

1.60 

1.50 

1 35 

1 50 

1 35 

1 25 

az 

isn 


Office 

Over 

25 

I 1.50 



1.40 

1.30 

— 

1.30 

1.20 

_ 

\ 



Bldg 


75 

■V7I 

mi 

m 

1 50 

1 45 

1 35 

1 40 

1 35 

1.30 

H 

m 

K 


Periphery, 

Excepf 


50 

25 

1 50 

1 35 

■ 

i 

1.35 

1.25 

1 30 
1.00 

1 20 
.90 

1 30 
1.20 

1 25 
.95 

1.10 

.70 


VARIABLE INTERMITTENT 

North Side 


75 

1 40 

1 25 

1 00 

1 20 


95 

1.00 

95 

.88 


24-HOUR PERIOD 


30 

50 

1 20 

95 

80 

l 10 

90 

80 

90 

85 

80 





• 

25 

.90 

.80 

.70 

.85 

.75 

.60 

.80 

70 

.55 

<r 

' V P*\ 


Interior 


■- 7 ■ 










\ 

f 

l 

Zones* 


— 

1 60 


1 50 

I 50 

1 45 

— 

I 35 

_ 

_ 

b- 

ca 

J 


Department 


— ■ 

1 40 


1,36 

1.30 

1 28 

1 25 

1 25 

1 20 

— 


CONSTANT INTERMITTENT 

24-HOUR PERIOD 

Factories 















150 

' ' : 75 ■■ 

1 85 

1 75 

1 40 





__ 

_ 





and 

50 

1 65 

1 50 

— 

— 

19 



_ 

_ 

A ■['- • 1 . az 



Apartment 

Over ... 


1.45 

— 

— 


Hi 



— 

— 




Houses, 


75 i; '" 

1.55 

1 45 

1.40 

—. 

_ 

_ 

_ 

_ 


m 


'——— - 

Hotels, 

Hospitals 

100 

50 - 

1 40 

1.35 

— 

— 

— 

— 

— 

— 

— 


VARIABLE CONTINUOUS 


25 - ,> 

1.30 

— 

— 

— 

— 

— 

— 

— 

— 


24-HOUR PERIOD : 

Residences 



ill 

1.10 

.95 

B1 


_. 

_ 

_ 

_ 

. . 

j 



30 


a] 

90 

80 

■ 


_ 

_ 

_ 

— 

VY-*' • 

. ' 




weM 

El 

.70 


m 


— 

— 

— 

— 


Equation: Reduction in Peak Cooling Load, 8 tu/hr = (Floor Area, sq ft) X (Desired Temp Swing, Table 4, page 20) X (Storage Factor, above table) 
^Weight per sq ft of floor may be obtained from equation on page 30. 
fFor 12 -hour operation, use a 2 degree max temp swing 
JGIass ratio is the percent of glass area to the total wail area 



capacity of the materials surrounding the space. It is 
limited by the amount of heat available for storage 
Load patterns for different applications vary ap¬ 
proximately as shown in the first column of Table 13 
For instance, an office building has a rather large 
varying load with a high peak that occurs inter¬ 
mittently, An interior zone has an intermittent peak 
but the load pattern is relatively constant A hos 
pital, on the other hand, has a constant base load 
which is present for 24 hours with an additional 
intermittent load occurring during daylight hours 
The thermal capacity of a material is the weight 
times the specific heat of the material. Since the 
specific heat of most construction material is ap¬ 
proximately 0.20 Btu/(lb)(F), the thermal capacity 
is directly proportional to the weight of the material. 
Therefore, the data in the tables is based on weight 
of the materials surrounding the space, per square 
foot of floor area 

Use of Table 13 
— Storage Factors, 

Space Temperature Swing 

Table 13 is used to determine the reduction in 
cooling load when the space temperature is forced 


to swing by reducing the equipment capacity below 
that required to maintain the temperature constant. 
This reduction is to be subtracted from the room 
sensible heat 

NOTE: This reduction is only taken at the time of peak 
tooling load 

Example 3 — Space Temperature Swing 

Given: 

The same room as in Example 1, page 28 
Find: 

The actual cooling load at 4 pm. from sun lights and 
people with 3 F' temperature swing in the space 

Solution: 

The peak sensible cooling load in this room from the sun 
lights and people (neglecting transmission infiltration 
ventilation and other internal heat gain) is 

5700 + 5190 = 10,890 Btu/hv (Examples 1 and 2 ) 

NOTE: The peak cooling load in this room occurs at ap¬ 
proximately 4 p.m The solar and light loads are 
almost at theix peak at 4 pm. Although the trans¬ 
mission across the large glass window peaks at 
about 3pm the peak infiltration and ventilation 
load also occurs at 3 pm. and the relatively small 
transmission load across the wall peaks much later 
at about 12 midnight The sum of these loads re- 
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PARI I LOAD ESTIMATING 


salts in the peak cooling load occurring at about 
4pm in the spaces with this exposure 

he weight of the materials surrounding the room in 
xample 1 is 97.4 ]]>/sq ft of floor area 

eduction in cooling load for a 3 F swing (Table 13) 

= 20 X 20 X14X3 = 1680 Btu/hr. 
ooiing load = 10,890 — 1680 = 9210 Btu/hi 

(For comparison purposes, the instantaneous heat gain 
from sun lights, and people in this particular room is 
14 610 Btu/hr) 

ince the normal thermostat setting is about 75 F or 76 F db. 
re design temperature (78 F = 75 F thermostat setting 
3 F swing) occurs only on design peak days at the time 
f peak load Under partial load operation the room tern 
crature is between 75 F db and 78 F db. or at the thermostat 
tting (75 F) depending on the load 

iCOOLING AS A MEANS OF INCREASING 
TRAGE 

Tecj' ’ing a space below the temperature nor- 
lly ucsired increases the storage of heat at the 
ie of peak load, only when the precooling tem- 
ature is maintained as the control point This 
because the potential temperature swing is in- 
ased, thus adding to the amount of heat stored 
the time of peak load Where the space is pre¬ 
led to a lower temperature and the control 
nt is reset upward to a comfortable condition 
r.n the occupants arrive, no additional storage 
urs.. In this situation, the cooling unit shuts off 
1 there is no cooling during the period of warm¬ 
up. When the cooling unit begins to supply 
ling again, the cooling load is approximately 
to the point it would have been without any 
cooling, 

recooling is very useful in reducing the cooling 
1 in applications such as churches, supermarkets, 
iters, etc, where the precooled temperature can 
nai( ined as the control point and the tempera- 
■ swing incr eased to 8 F or 10 F 

ERSITY OF COOLING LOADS 

iversity of cooling load results from the probable 
occurrence of part of the cooling load on a 
gn day, Diversity factors are applied to the 
igeration capacity in large air conditioning sys- 
>. These factors vary with location, type and 
of the application, and are based entirely on 
judgment of the engineer 

enerally, diversity factors can be applied to 
;le and light loads in large multi-story office, 

1 or apartment buildings. The possibility of 
ng all of the people present in the building 
all of the lights operating at the time of peak 
are slight. Normally, in large office buildings. 


some people will be away from the office on other 
business Also, the lighting arrangement will fre¬ 
quently be such that the lights in the vacant offices 
will not be on. In addition to lights being off be¬ 
cause the people are not present, the normal main¬ 
tenance procedure in large office buildings usually 
results in some lights being inoperative. Therefore, 
a diversity factor on the people and light loads 
should be applied for selecting the proper size 
refrigeration equipment 

The size of the diversity factor depends on the 
size of the building and the engineer's judgment 
of the circumstances involved For example, the 
diversity factor on a single small office with 1 or 2 
people is 10 or no reduction Expanding this to 
one floor of a building with 50 to 100 people, 5% 
to 10% may be absent at the time of peak load, 
and expanding to a 20, 30 or 40-story building, 10% 
to 20% may be absent during the peak A building 
with predominantly sales offices would have many 
people out in the normal course of business 

This same concept applies to apartments and 
hotels Normally, very few people are present at the 
time the solar and transmission loads are peaking, 
and the lights are normally turned on only after 
sundown. Therefore, in apartments and hotels, the 
diversity factor can be much greater than with office 
buildings 

These reductions in cooling load are real and 
should be made where applicable Table 14 lists 
some typical diversity factors, based on judgment 
and experience 

TABLE 14 — TYPICAL DIVERSITY FACTORS 
FOR LARGE BUILDINGS 

(Apply to Refrigeration Capacity) 


TYPE OF 


DIVERSITY FACTOR 


■ APPLICATION' df; 1 ; 

.-v People 

Lights 

Office - , >3'.’; V A- ' 



Apartment, Hotel ; 

,40 to .60 , / 

30 to 50 

Department Store 

. .80 to .90 > 

90 to 1 0 

Industrial* *: •.I'Tf 

< .85 to .95 T 

.80 to .90 


Equation: 

Cooling Load (for people and lights), Btu/hr 
= [Heat Gain, Btu/hr, Chapter 7) 

XlStorage Factor, Table 12)X (Diversity Factor, above table) 
*A diversity factor should also he applied to the machinery load 
Refer to Chapter 7. 


Use of Table 14 

— Typical Diversity Factors for Large Buildings 

The diversity factors listed in Table 14 are to be 
used as a guide in determining a diversity factor 
for any particular application.. The final factor must 
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necessarily be based on judgment of the effect of the 
many variables involved 

STRATIFICATION OF HEAT 

There are generally two situations where heat is 
stratified and will reduce the cooling load on the 
air conditioning equipment: 

1 Heat may be stratified in rooms with high 
ceilings where air is exhausted through the 
roof or ceiling.. 

2 Heat may be contained above suspended ceil¬ 
ings with recessed lighting and/or ceiling 
plenum return systems. 

The first situation generally applies to industrial 
applications, churches, auditoriums, and the like 
( ie second situation applies to applications such 
as office buildings, hotels, and apartments. With 
both cases, the basic fact that hot air tends to rise 
makes it possible to stratify loads such as convection 
from the roof, convection from lights, and convec¬ 
tion from the upper part of the walls The con¬ 
vective portion of the roof load is about 25% (the 
rest is radiation); the light load is about 50% with 
fluorescent (20% with incandescent), and the wall 
transmission load about 40%. 

In any room with a high ceiling, a large part of 
the convection load being released above the supply 
air stream will stratify at the ceiling or roof level. 
Some will be induced into the supply air stream. 
Normally, about 80% is stratified and 20% induced 
in the supply air.. If air is exhausted through the 
ceiling or roof, this convection load released above 

( 


the supply air may be subtracted from the air con¬ 
ditioning load. This results in a large reduction 
in load if the air is to be exhausted It is not nor¬ 
mally practical to exhaust more air than necessary, 
as it must be made up by bringing outdoor air 
through the apparatus. This usually results in a 
larger increase in load than the reduction realized 
by exhausting air 

Nominally, about a 10 F to 20 F rise in exhaust air 
temperature may be figured as load reduction if 
there is enough heat released by convection above 
the supply air str eam 

Hot air stratifies at the ceiling even with no 
exhaust but rapidly builds up in temperature, 
and no reduction in load should be taken where 
air is not exhausted through the ceiling or roof. 

With suspended ceilings, some of the convective 
heat from recessed lights flows into the plenum 
space. Also, the radiant heat within the room (sun, 
lights, people, etc) striking the ceiling warms it 
up and causes heat to flow into the plenum space 
These sources of heat increase the temperature of 
air in the plenurn space which causes heat to flow 
into the underside of the floor structure above 
When the ceiling plenum is used as a return air 
system, some of the return air flows through and 
over the light fixture, carrying more of the convec¬ 
tive heat into the plenum space 

Containing heat within the ceiling plenum space 
tends to flatten” both the room and equipment 
load The storage factors for estimating the load 
with the above conditions are contained in 
Table 12 


Air Coa ditianin g Compjtn y 













CHAPTER 4 , SOLAR HEAT GAIN THRU GLASS 


SOLAR HEAT-DIRECT AND DIFFUSE 

I lie solar heat on the outer edge of the earth’s 
atmosphere is about 445 Btu/(hr)(sq ft) on Decem¬ 
ber 21 when the sun is closest to the earth, and 
about 415 Btu/(hr)(sq ft) on June 21 when it is 
farthest away The amount of solar heat outside the 
earth's atmosphere vaiies between these limits 
throughout.the year 

The solar heat reaching the earth's surface is 
leduced considerably below these figures because 
a large part of it is scattered, reflected back out into 
space, and absorbed by the atmosphere.. The scat¬ 
tered radiation is termed diffuse or sky radiation, 
and is more or less evenly distributed over the 
earth's surface because it is nothing more than a 
reflection from dust particles, water vapor and 
ozone in the atmosphere The solar heat that comes 
directly through the atmosphere is termed direct 
radiation. The relationship between the total and 
the direct and diffuse radiation at any point on 
earth is dependent on the following two factors: 

1 The distance traveled through the atmosphere 
to reach the point on the earth. 

2 The amount of haze in the air 

As the distance traveled or the amount of haze 
increases, the diffuse radiation component increases 
but the direct component decreases. As either or 
both of these factors increase, the overall effect is 
to reduce the total quantity of heat reaching the 
earth’s surface. 

ORDINARY GLASS 

Ordinary glass is specified as crystal glass of single 
thickness and single or double strength. The solar- 
heat gain through ordinary glass depends on its 
location on the earth’s surface (latitude), time of 
day, time of year , and facing direction of the win¬ 


dow The direct radiation component results in 
a heat gain to the conditioned space only when the 
window is in the direct rays of the sun, whereas the 
diffuse radiation component results in a heat gain, 
even when the window is not facing the sun 

Ordinary glass absorbs a small portion of the 
solar heat (5% to 6%) and reflects or transmits the 
rest. The amount reflected or transmitted depends 
on the angle of incidence.. .(The angle of incidence 
is the angle between the perpendicular to the win¬ 
dow surface and the sun's rays, Ing 18, page .55) 
At low angles of incidence, about 86% or 87% is 
transmitted and 8% or 9% is reflected, as shown in 
lig. 12 As the angle of incidence increases, more 
solar heat is reflected and less is transmitted, as 
shown in lig 13 , The .total solar heat gain to the 
conditioned space consists of the transmitted heat 
plus about 40% of the heat that is absorbed in the 
glass. 



Fig 12 — Reaction on Solar Heat (R), Ordinary 
Glass, 30° Angle of Incidence 


Ail Conditioning Company 
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PART ] LOAD ESTIMATING 



Heat Gain to Space ' . 

,= :.(.40 X 06 R) + .'42 R 
: = A44 R or .44 R 


ABSORBED 


« .42R 

TRANSMITTED _ 


• re { - Reaction on Solar Heat (R), Ordinary 

Glass, 80° Angle of Incidence 


This is typical for wood sash windows Tor 
metal sash windows, the glass area is assumed 
equal to 100% of the sash area because the 
conductivity of the metal sash is very high 
and the solar heat absorbed in the sash is 
transmitted almost instantaneously. 


rV-i 


% i-rs-T? 


T 




MASONRY 

OPENING,- 


siifeli 


1 S ':: 


Tig 14 

Window Areas 


NOTE: The sash area equals 
approximately 85% of the 
masonry opening (or frame 
opening with frame walls) 
with wood sash windows, 
90% of masonry opening 
with double hung metal sash 
windows, and 100% of ma¬ 
sonry opening with casement 
windows 


sOTE: The 40% of the absorbed solar heat going into the 
space is derived from the following reasoning: 

The outdoor lilm coefficient is approximately 2 8 Btu/ (hr) 
(sq ft) (deg E) with a 5 mph wind velocity during the 
summer 

The inside film coefficient is approximately 1 8 Btu/ (hr) 
(sq ft) (deg I) because, in the average system design, air 
velocities across the glass are approximately 100 200 fpm 

If outdoor temperature is equal to room temperature, the 
glass temperature is above both Therefore absorbed heat 

„ . 1.8X100 

flowing m = = 392% or 40' 

.. , ,, n . 2.8X100 

Absorbed heat flowing out = j 8 + 2 8 ' ~ 60 or 

As the outdoor temperature rises the glass temperature 
also rises causing more of the absorbed Ireat to flow' into 
the space This can Ire accounted for by adding the trans¬ 
mission of heat across the glass (caused by temperature 
(lif nee between inside and outdoors) to the constant 
40V- the absorbed heat going inside 

This reasoning applies equally w'ell when the outdoor tem¬ 
perature is below' tire room temperature 

:rsts of Table 15 

Solar Heat Gain thru Ordinary Glass 
Table 15 provides data for 0°, 10°, 20°, 30°, 40°, 
id 50° latitudes, for each month of the year and 
-r each hour of the day.. T his table includes the 
rect and diffuse radiation and that portion of 
e heat absorbed in the glass which gets into the 
ace. It does not include the transmission of heat 
ross the glass caused by a temperature difference 
itween the outdoor and inside air (See Chapter 5 
r “U” values.) 

The data in Table 15 is based on the following 
nditions:— 

i. A glass area equal to 85% of the sash area.. 


2. No haze in the air . 

3 Sea level elevation. 

4. A sea level dewpoint temperature of 66 8 T 
(95 T db, 75 T wb) which approximately cor¬ 
responds to 4 centimeters of precipitable water 
vapor Precipitable water vapor is all of the 
water vapor in a column Of air from sea level 
to the outer edge of the atmosphere 
If these conditions do not apply, use the correc¬ 
tion factors at the bottom of each page of Table 15 

Use of Table 15 

— Solar Heat Gain thru Ordinary Glass 

The bold face values in Table 15 indicate the 
maximum solar heat gain for the month for each 
exposure. The bold face values that are boxed indi¬ 
cate the yearly maximums for each exposure 

Table 15 is used to determine the solar heat gain 
thr u ordinary glass at any time, in any space, zone 
or building 

To determine the actual cooling load due to the 
solar heat gain, refer to Chapter 3, “Heat Storage, 
Diversity and Stiatification " 

CAUTION — Where Estimating Multi-Exposure Rooms 
or Buildings 

If a haze factor is used on one exposure to deter ¬ 
mine the peak room or building load, the diffuse 
component listed for the other exposures must be 
divided by the haze factor to result in the actual 
room or building peak load This is because the 
diffuse component increases with increasing haze, as 
explained on page 41 
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Example 7 — Peak Solar Heat Gain (2 Exposures) 

Since the time at which the peak solar load occurs in a space 
with 2 exposures is not always apparent the solar heat gain 
is generally calculated at more than one time to determine 
its peak. 

Given: 

A room with equal glass areas on the West and South at 
40° North, latitude 

Find: 

Peak solar heat gain 

Solution: 

From Table 15 


Solar heat gain — 




September 22 

2:00 

3:00 

4:00 p m 

West 

99 

139 

149 

South 

110 

81 

44 

Total 

209 

220 

193 

Solar heat gain — 




October 23 

2:00 

3:00 

4:00 p m 

West 

88 

122 

117 

South 

137 

104 

59 

Total 

225 

226 

176 

Solar heat gain — 




November 21 

2:00 

3:00 

4:00 p m 

West 

71 

100 

91 

South 

139 

104 

59 

Total 

213 

204 

150 


The peak solai heat gain to this room occurs at 3:00 pm. 
on October 23 The peak room cooling load does not neces¬ 
sarily occur at the same time as the peak solar heat gain. 
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because the peak transmission load people load etc may 
occur at some other time. 

Example 2 — Solar Gain Correction Factors 
(Bottom Table 1 5) 

The conditions on which Table 15 is based do not apply to 
all locations since many cities are above sea level, and many 
have different design dew points and some haze in their 
atmosphere. 

Given: 

A west exposure with steel casement windows 
Location — Topeka, Kansas 
Utitudc —991 ft 
Design dewpoint — 69 8 F 
39° North latitude 

Find: 

Peak solar heat gain 
Solution: 

By inspection of Table 15 the boxed boldface values for 
peak solar heat gain, occurring at 4:00 p m on July 23 
= 164 Btu/(hr) (sq ft) 

Assume a somewhat hazy condition 
Altitude correction = 1,007 (bottom Table 15) 

Dewpoint difference = 69 8 — 66 8 = 3 F 
Dewpoint correction = I — (3/10 X 07) = .979 

(bottom Table 15) 

Haze correction = I — .10 = .90 (bottom Table 15) 

Steel sash correction = 1/85 (bottom Table 15) 

Solar heat gain at 4:00 p m, July 23 
= 164 XI 007 X 979 X 90 X 1/ 85 
= 171 Btu/(hr)(sq ft) 


Sir Canditianjng Company 
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P \ RI I LOAD MS 1 li\f \'I {NO 


TABLE 15—SOLAR HEAT GAIN THRU ORDINARY GLASS 

Btu/(hr) (sq ft sash area) 


0° NORTH LATITUDE 


Tima of Year 


JUNE 21 


Exposure 


AW 


SUN TIME 


North 
Northeast 
East 


Southeast 

South 

Southwest 


JULY 23 

& 

MAY 21 


West 
Northwest 
Horizontal 


North 

Northeast 

East 


AUG 24 

& 

APR 20 


Southeast 

South 

Southwest 


West 
Northwest 
Horizontal 


PM 


45 

119 

116 


37 


North 

Northeast 

East 


SEPT 22 

& 

MAR 22 


Southeast 

South 

Southwest 


West 
Northwest 
Horizontal 


28 


37 

118 

121 


17 
I 10 
129 


North 

Northeast 

East 


OCT 23 
& 

FEB 20 


Southeast 

South 

Southwest 


'West 
Northwest 
Horizontal 


NCV 21 

& 

JAN 21 


North 

Northeast 

East 

Southeast 

South 

Southwest 


West 

Northwest 

Horizontal 


6 

95 

134 


6 

6 

32 


65 


156 


147 


42 


74 

154 

135 


87 


54 

153 

152 


13 

13 

147 


61 

150 

139 


10 


78 

133 

93 


14 

14 

191 


11 Noon I 


80 

95 

_12 


82 


14 

20 

217 


13 

13 

151 


31 

133 

148 


14 

14 

195 


13 

13 

150 


14 

14 

14 


14 

S3 

226 


80 

20 

14 


14 

16 

223 


14 

14 

206 


North 
Northeast 
East 


DEC 22 


Southeast 

South 

Southwest 


6 

67 

129 


I 10 
17 
6 


West 
Northwest 
Horizontal 


North 
Northeast 
East 


Southeast 

South 

Southwest 


West 
Northwest 
Horizontal 


olar Gain 
'orrection 


Steel Sash, or 
No Sash 
X 1/85 or 117 


6 
46 
121 


12 

12 

100 


12 

79 

163 


141 

28 

il 


13 

13 

163 


13 

65 

148 


14 

68 

107 


67 

43 

14 


14 

43 

233 


43 

95 

217 


34 

24 

14 


14 

14 

234 


14 

14 

14 


14 

24 

245 


43 

86 

223 


34 

14 

14 


96 

124 

195 


46 

61 

234 


14 14 

14 14 

210 240 


12 

12 

97 


I 18 
37 
6 


II 

52 

152 


133 

31 

11 


13 

13 

150 


153 

54 


6 
37 
116 


119 

45 

6 


6 

6 

28 


91 


13 

36 

139 


102 

33 

14 


14 

14 

206 


150 

61 

13 


(3 

13 

151 


42 

147 


156 


65 
1 1 


11 
11 
87 


13 

27 

135 


154 

74 

13 


124 

65 

14 


250 


14 

14 

14 


14 

14 

234 


14 

14 

195 


13 

13 

147 


Haze 

-15% (Max 


133 

78 

14 


14 

14 

191 


24 

34 

24 


47 

31 

240 


135 

164 

147 


42 


147 


156 


139 

150 

151 


87 


54 


152 

153 
91 


103 

102 

206 


148 

133 

150 


14 

14 

245 


14 

14 

223 


14 

14 

43 


43 

67 

43 


7? 

14 

233 


46 

15 

234 


107 

68 

210 


14 

33 

102 


14 

14 

217 


S3 


82 


53 


14 

14 

226 


43 

14 

223 


103 

35 

206 


163 

141 

97 


13 

13 

101 


151 

101 

163 


116 
119 
28 


129 

110 

31 


12 

12 

118 


167 


118 

100 


14 

65 

124 


96 

18 

195 


13 

61 

150 


12 

28 

141 


6 

6 

95 


134 

95 

32 


0° SOUTH LATITUDE 


Exposure 


South 

Southeast 

East _ 

Northeast 

North 

Northwest 


West 

Southwest 

Horizontal 


South 

Southeast 

East 


Northeast 

North 

Northwest 


West 

Southwest 

Horizontal 


South 

Southeast 

East 


Northeast 

North 

Northwest 

"Wilt 

Southwest 

Horizontal 


South 

Southeast 

East 


6 
17 
110 


163 129 
79 67 
97 31 


II 

54 

153 


14 

78 

133 


139 

36 

151 


152 

52 

91 


6 

37 

118 


Northeast 
North 
Northwest 
“W^t- 

Southwest 

Horizontal 


South 

Southeast 

East 


13 

74 

154 


135 

27 


217 191 147 


Altitude 

+ 0 7% per 1000 Ft 


65 


156 


147 

42 

87 


121 

46 

29 


6 
45 
I 19 


Northeast 

North 

Northwest 


West 

Southwest 

Horizontal 


South 
Southeast 
East 


Northeast 

North 

Northwest 


116 

37 

28 


Dewpoint 

Decrease From 67 F 
+ 7% per 10 F 


"West" 
Southwest 
Horizontal 


South 
Southeast 
East 


Northeast 

North 

Northwest 


West 
Southwest 
Horizontal 


Dewpoint 

Increase From 67 F 
~ ?% per 10 F 


Time of Year 


DEC 22 


JAN 21 


NOV 21 


FEB 20 


OCT 23 


MAR 22 

& 

SEPT 22 


APR 20 

& 

AUG 24 


MAY 21 
& 

JULY 23 


JUNE 21 


South Lat. 
Dec. or Jan 
+ 7% 


Sold Face Values — Monthly Meximums 


Boxed Values — Yearly maximums 
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10 ' 


TABLE 15 —SOLAR HEAT GAIN THRU ORDINARY GLASS (Contd) 

Btu/(hr) (sq ft sash area) 


10 ° 


10° NORTH LATITUDE 


Time of Year 


Exposure 


AM 


SUN TIME 


PM 


10° SOUTH LATITUDE 


9 10 

1 

0 

o 

2 

n 1 

2 

3 

4 

5 

6 

Exposure 

Time of Year 

45 4' 

4 

41 

4 

44 

4 

5( 

44 

2 

South 


40 10 

6 

28 



1 

1 


2 

Southeast 


39 9; 

4 

M 


14 

r 

1 

8 

2 



mm 

■ 

m 


14 

13 

1 

8 


im> * mwiwm 

” 


ffi 

m 

1 

14 

13 

1 

8 

K 

IWI-: 

DEC 22 

ran 

m 

K 


25 

4: 

55 

49 

He 


[OHk 


K 

IK] 


135 

IIE 

IIHI 


West 




K 

65 


I4C 

\m 

iMf 

■£ 





mzv\ 

233 


166 


iKt 

K 

Horizontal 


35 33 

m 

m 

E 

■E 

35 

39 

IE 

m 

South 


33 109 

E 

B 

E 


u 

1 1 


■ 

Southeast 


42 98 

m 


14 


1J3 

1 1 

IK 

■ 

East 

JAN 21 

56 32 

H 

14 

M 

ML 

in 

II 


H 



13 14 

H 

14 

14 

E 


1 1 

K 

H 

liBRrWfHt&i&i 

& 

13 14 

M 

14 

14 

E 

in 

66 

in 

fP; 

1 Iffl J nt) 

13 14 

14 

14 

43 

98 

142 

158 

mm 

50 


NOV 21 

13 14 

14 

22 

56 

109 

133 

148 

127 

42 

Southwest 

66 210 

236 

247 

236 

210 

166 

107 

42 

3 

Horizontal 


5 15 

14 

MM 

14 

15 

15 

16 


in 

South 


II 80 

34 

■2 

14 

14 

13 

'I 

m 

H 

Southeast 


49 104 

46 

■fl 

14 

14 

13 

III 

H 

\m 

East 

FEB 20 

35 60 

2/ 

14 

BE 

14 

13 

BU 



Northeast 


3 14 

14 

14 

14 

14 

13 

ii 

7 

i 

North 

& 

3 14 

14 

14 

27 

60 

85 

94 

79 

18 



14 

14 

46 

80 

149 

163 

138 

25 


OCT 23 

□K3 

14 

14 

34 

15 

ill 

130 

113 

17 


9E9 

242 


242 

213 

167 

105 

38 

2 

Horizontal 


3 14 

14 

14 

14 

14 

13 

II 

6 

1 



0 45 

17 

14 

14 

14 

13 

1 1 

6 

1 

Southeast 


1 106 

47 

14 

14 

14 

13 

1 1 

6 

1 

East 

MAR 22 

2 94 

56 

21 

14 

14 

13 

II 

6 

1 

Northeast 

9 24 

27 

28 

27 

24 

19 

13 

6 

1 

North 

& 

3 14 

14 

21 

56 

94 

122 

127 

97 

1 



3 14 

14 

14 

4/ 

106 

151 

164 

130 


'West 

SEPT 22 

3 14 

14 

14 

17 

45 

80 

103 

89 

1 


0 207 

235 

247 

235 

207 

160 

97 

31 

1 

Horizontal 


14 

14 

14 

14 

1 4 

13 

10 

5 

0 

South 


4 28 

14 

14 

14 

14 

13 

10 

5 

0 



100 

40 

14 

14 

14 

13 

10 

5 

0 

East 

APR 20 

123 

81 

46 

18 

14 

13 

10 

5 

0 


65 

71 

73 

71 

65 

55 

40 

18 

0 

North 

& 

14 

18 

46 

81 

123 

149 

147 

103 

0 


14 

14 

14 

40 

100 

145 

155 

118 

0 

West 

AUG 24 

14 

14 

14 

14 

28 

44 

66 

58 

0 


193 

220 

230 

220 

193 

139 

85 

22 

0 



13 

14 

14 

14 

13 

12 

9 

4 

0 

South 


13 

14 

14 

14 

13 

12 

9 

4 

0 

Southeast 


93 

39 

14 

14 

13 

12 

9 

4 

0 

East 

MAY 21 

146 

109 

70 

31 

17 

12 

9 

4 

0 


96 

104 

106 

04 

96 

91 

65 

35 

0 


& 

17 

31 

70 

09 

146 

161 

1 53 

99 

0 

Northwest 

13 

14 

14 

39 

93 

132 

143 

99 

0 

West 

JULY 23 

13 

14 

14 

14 

13 

17 

37 

27 

0 


175 

202 

210 

02 

175 

131 

62 

17 

0 



13 

14 

14 

14 

13 

12 

9 

4 

0 

South 


13 

14 

14 

14 

13 

12 

9 

4 

0 

Southeast 


91 

42 

14 

14 

13 

12 

9 

4 

0 



149 

21 

79 

36 

23 

12 

9 

4 

0 



109 

16 

120 

16 

109 

94 

74 

so 

0 


JUNE 21 

23 

36 

79 

21 

149 

63 

54 

99 

0 


13 

14 

14 

42 

91 

30 

37 

36 

0 

West 


13 

14 

14 

14 

13 

17 

28 

IS 

0 

Southwest 


167 

93 j 202 j ! 

93 

67 

20 

66 

14 

0 

Horizontal 



North 

Northeast 

East 


JUNE 21 


JULY 23 

& 

MAY 21 


Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 


North 

Northeast 

East 


50 


153 


155 


49 


Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 


AUG 24 

& 

APR 20 


North 

Northeast 

East _ 

Southeast 

South 

Southwest 


26 


44 


34 

127 

135 


West 
Northwest 
Horizontal 


SEPT 22 

& 

MAR 22 


North 

Northeast 

East _ 

Southeast 

South 

Southwest 


OCT 23 

& 

FEB 20 


West 
Northwest 
Horizontal 


107 


39 

148 

158 


North 

Northeast 

East 


Southeast 

South 

Southwest 


NOY 21 

& 

JAN 21 


West 

Northwest 

Horizontal 


North 

Northeast 

East _ 

Southeast 

South 

Southwest 


15 

113 

138 


66 


I! 
I I 
107 


16 

130 

163 


11 
103 


164 


97 


103 


West 

Northwest 

Horizontal 


DEC 22 


Solar Gain 
Correction 


North 

Northeast 

East _ 

Southeast 

South 

Southwest 


West 

Northwest 

Horizontal 


147 

40 

10 


9 

37 

143 


139 


153 

65 

9 


Steel Sash, or 
No Sash 
X 1/85 or I 17 


9 

28 
137 


12 

12 

13 


12 

17 

130 


163 


Haze 

Altitude 

Dewpoint 

Dewpoint 

South L.at. 

15% (Max ) 

Decrease From 67 F 

Increase From 67 F 


+ 0 7% per iOOO Ft 

+ /% per 10 F 

— 7% per (0 F 

+ 7% 


Bold Face Values — Monthly Maxlmums Boxed Values — Yearly maximums 



Ait Conditioning! Company 







































































1-46 


PARI 1. LO\D £STIMV1 IN 


20 ° 


TABLE 15-SOLAR HEAT GAIN THRU ORDINARY GLASS (Contd) 

Btu/(hr) (sq ft sash area) 


20 ° 


20° NORTH LATITUDE 


Time of Year 


SUN TIME 


20° SOUTH LATITUDE 


Exposure I Time of Year 



Solar Gain 
Correction 


West 

Northwest 

Horizontal 


Steel Sash, or 
No Sash 
X 1/85 or 1.17 


-15% (Max 


Altitude n 0ew P° inf , 7 c . 0ew P° int r 

Uecrease From bt F Increase From 67 F 

+ 0.7% per 1000 Ft + 7% per 10 F - 7% per 10 F 


South Lat. 
Dec.. or Jan 

+ 7% 


Bold Face Values — Monthly Maximurr.s 


Boxed Values — Yearly maximums 














































































































































































































CHAPTER 4 SOLAR HEAL GAIN THRU GL \SS 


1-47 


30 ° 


TABLE 15 —SOLAR HEAT GAIN THRU ORDINARY GLASS (Contd) 

Btu/(hr) (sq ft sash area) 


30 ° 


30° NORTH LATITUDE 


AM 




SUN TIME 



PM 

30° SOUTH 

LATITUDE 

Time of Year 

Exposure 

m 

DO 

l 8 

IB 

m 

ID 

Noo 

1 

2 

3 

4 

5 

6 

Exposure 

Time of Year 


North 

Bl 

im 

IK 

K 

IK 

IK 

14 

14 

14 

E 

E 

29 

33 




Northeast 

■r* 


130 

97 

5S 

IS 

14 

14 

14 

E 

re 

10 

5 




East 

ffpF 

\m 

161 

143 

98 

44 

14 

14 

14 

Ik 

My 

10 

5 

East 



Southeast 

42 

75 

90 

90 

73 

4 a 

17 

K 

K 

IK! 

MY 

10 

5 

Northeast 


JUNE 21 

South 

5 

10 

12 

1 * 

IS 

19 

21 

B 

H 

14 

m 

10 

5 

North 

DEC 22 


Southwest 

5 

10 

12 

1 4 

14 

14 

17 

if 

Bl 

90 

RF 

75 

4? 

Northwest 



West 

5 

10 

IH 

IK 

K 

IK 

IMS! 

K 

HQ 

143 

M 

\m 

108 

West 



Northwest 

5 

10 

RE 

RE 

B 

IB 

HI 

J 19 

55 

97 

Be 

139 

105 

Southwest 



Horizontal 

19 

61 

1103 

IK 

IEB 

IBS 


IBS 

217 

m 

,31 

61 

19 

Horizontal 



North 

22 

20 

IRQ 

13 

14 

14 

14 

14 

14 

13 

K 

20 

22 

South 



Northeast 

93 

HQ 

EE 

99 

46 

16 

! 4 

14 

14 

13 

Re 

9 

4 

Southeast 


JULY 23 

East 


155 

!H 

145 

99 

44 

i 4 

14 

14 

13 

H 

9 

4 

East 

JAN 21 


Southeast 

mi 

82 

100 

!U£ 

83 

53 


14 

14 

mi 

K 

■El 

4 

Northeast 


& 

South 

■ 

9 

12 

14 

20 

27 


27 

20 

RfJ 

re 

9 

4 

North 

& 


Southwest 

Ki 

!HH 

12 

13 

14 

14 


53 

83 

m 

in*] 

82 

42 

Northwest 


MAY 21 


4 

9 

wm 

■ft] 

14 

■E 

HQ 

IEB 

99 

tm 

tm 

,55 

■ESI 

■Tl)|f i | 

NOV 21 


Northwest 

4 

9 

MS 

Hi 

14 

14 

14 

16 

46 

89 

123 

131 

93 

Southwest 



Horizontal 

15 

66 

m 


214 

236 

246 

236 

214 

176 

123 

66 

15 

Horizontal 



North 

6 

8 

ID 

m< 

MS 

K 

14 

14 

13 

MS 

HQ 

8 

6 

South 



Northeast 

55 

108 

iwi 

I.U 

Kg 

14 

14 

14 

13 

Bi 

RH 

8 

2 

Southeast 


AUG 24 

East 

66 

147 

i m 

Rjd 


46 

14 

14 

13 

Bl 

H 

8 

2 

East 

FE8 20 


Southeast 

J / 

98 

1 m 

mi 

DIM 

82 

39 

15 

13 

13 

11 

8 

2 

Northeast 


& 

South 

2 

8 

la 

27 

■3 

58 

63 

58 

47 

27 

13 

8 

2 

North 

& 



2 

8 

Rn 

13 

tm 

IS 

39 

82 

1 12 

129 

127 

98 

37 

Northwest 


APR 20 

West 

2 

8 

11 

13 

13 

K 

ma 

■a 

102 


»a 

ds 

66 


OCT 23 


Northwest 

2 

8 

ii 

13 

13 

B 

HQ 

14 

27 

66 

100 

108 

55 

Southwest 



Horizontal 

6 

EH 

107 

161 

200 

m 


225 

ET® 

161 

107 

47 

6 

Horizontal 



North 

0 

5 

iO 

12 

HD 

K 

14 

14 

13 

12 

10 

5 

0 

South 



Northeast 

0 

74 

90 

40 

IB 

B 

14 

14 

13 

12 

10 

5 

0 

Southeast 


SEPT 22 

East 

0 

124 

158 

144 

IBI 

MS- 

14 

14 

13 


10 

5 

0 

East 

MAR 22 


Southeast 

o- 

98 

131 

152 

■EH 

lit 

H 

25 

mm 

urn 

10 

H 

0 

Northeast 


& 

South 

0 

9 

18 

60 

MS 

m 


98 

RH 

o 

18 

El 

0 

North 

& 


Southwest 

0 

5 

10 

12 

ii 

Mi 

HO 

1 13 

D3I 

tm 

131 

RQ 

0 

Northwest 


MAR 22 


0 

S 

H9 

ua 

■u 

K 

14 

48 

103 

144 

158 

l?;i 

0 

West 

SEPT 22 


Northwest 

0 

5 

EJ 

ua 

RQ 

Rt 

14 

14 

IS 

40 

90 

Bl 

0 

Southwest 



Horizontal 

0 

25 

o 

m 

m 


212 

202 

179 

135 

81 


0 

Horizontal 



North 

0 

D 

H 

m 

■a 

m 

14 

HI 

H 

1 1 

8 

3 

0 

South 



Northoast 

0 


El 

18 

RQ 

B 

14 


Bl 

1 1 

8 

3 

0 

Southeast 


OCT 23 

East 

0 

E9 

119 

132 

Rzl 

m 

14 

HI 

Bl 

1 1 

8 

3 

0 

East 

APR 20 


Southeast 

0 

73 

ILcM 

tm 


136 

92 

47 

iTT 

1 1 

8 

3 

0 

Northeast 


& 

South 

0 

18 

57 

92 

121 

139 

145 

139 

121 

92 

57 

18 

0 

North 

& 


Southwest 

0 

3 

8 

1 1 

jsj 

47 

92 

136 

1H 

rca 

142 

73 

0 

HlV^T^HHH 1 


FEB 20 

West 

0 

HI 

8 

Kfj 

mm 

ua 

14 

Kl| 

94 

132 

135 

79 

0 


AUG 24 


Northwest 

0 

H 

8 

HI 

RQ 

Ifi 

14 

la 

12 

18 

39 

33 

0 

Southwest 



Horizontal 

■3 

H 

4? 

[Ea 

B9 


179 

m 

143 

100 

49 

6 

0 

Horizontal 



North 

mi 

n 

H 

H 

11 

12 

H 

12 

HI 

H 

H 

n 

0 

South 



Northeast 

0 

8 

19 

u 

11 

12 

Bl 

12 

11 

H 

6 

H 

0 

Southeast 


NOV 21 

East 

0 

27 

Ufa! 

m 

83 

35 

iti 

12 

11 

H 

6 

H 

0 

East 

MAY 21 


Southeast 

0 

28 

uni 

[U| 

mi 

143 

104 

64 

23 

u 

■.1 

i 

0 

Northeast 


& 

South 

0 

10 

65 


El 

154 

159 

154 

137 

wl 

68 

1° 

0 

North 

& 


Southwest 

0 

I 

■a 

H 

El 

64 

104 

143 

162 

HI 

127 

28 

0 

Northwest 


JAN 21 

West 

HI 

HI 

HI 

9 

11 

12 

HI 

HI 

83 

Ml 

109 

HI 

0 

West 

JULY 23 


Northwest 

0 

HI 

R1 

9 

11 

12 

Kg 

Eg 

1 1 

Kg 

16 

H 

0 

Southwest 



Horizontal 

hi 

HI 

HI 

71 

109 

136 

HI 

191 

109 

Bl 

27 

H 

0 

Horizontal 




0 

0 

4 

9 

mi 

K 

HI 

12 

1 I 

o 

H 

0 

0 

South 



' • ^iHl 

0 

0 

10 

9 

11 

p 

H 

12 

1 ( 

9 

H 

0 

0 

Southeast 



Rl 

0 

0 

92 

m\ 

80 

E 

HI 

12 

1 I 

Hi 

HI 

0 

0 

East 



Southeast 

0 

it 

Ml 

m\ 

162 


ILCfll 

72 

28 

9 

4 

0 

0 

Northeast 


DEC 22 

South 

0 

D| 

n 

113 

142 

fjv 

mm\ 

159 

142 

13 

64 

0 

0 

North 

JUNE 21 


Southwest 

0 

Ell 

Ell 

9 

28 

wr 


143 

162 

57 

I 14 

0 

0 

Northwest 



West 

0 

0 

4 

9 

HI 

u 

HI 

32 

80 

05 

92 

0 

0 

West 



Northwest 

0 

0 

4 

9 

H 

K 

H 

12 

1 1 

9 

10 

0 

0 

Southwest 



Horizontal 

0 

0 

19 

60 

97 

m 

131 ‘ 

22 

97 

60 

19 

0 

0 

Horizontal 



Solar Gain 
Correction 


Steel Sash, or 
No Sash 
X I/,85 or 1.17 


Haze 

Altitude 

Dewpoint 

Dewpoint 

South Lai 

Decrease From 6/ F 

Increase From 6/ F 

Dec. or Jan. 

15% (Max.) 

-f-0.7% per 1000 Ft 

+ 7% per 10 F 

— 7% per !0 F 

+ 7% 


8o ! d Face Values — Monthly Maximurr.s 8oxed Values — Yearly maximums 


Vatrierj 


Rir Conditioning Company 

























































































































































































































1-48 


PART I I O \D IiS 1 I MAT ING 


TABLE 15—SOLAR HEAT GAIN THRU ORDINARY GLASS (Contd) 

40*^ Btu/(hr) (sq ft sash area) 


40 ° 


40' NORTH LATITUDE 


AM 




SUN TIME 



PM 

40° SOUTH 

LATITUDE 

Time of Yea 

Exposure 

6 

7 

3 

9 

10 

IB 

Noo 

i 

2 

3 

4 

5 

6 

Exposure 

Time of Year 


North 

32 

20 

12 

13 

14 

N 

14 

14 

14 

H 

HE 

20 

32 




Northeast 

118 

ICE 

m 

73 

30 

1 

14 

14 

14 

n 

|H 

10 

m 

Southeast 



East 

126 

\m 

nfj 

142 

95 

4 

14 

14 

14 

H 

M 

10 

H 

East. 



Southeast 

bl 

88 

■ItV-. 

m 

99 

7 

IK 

14 

IK 

13 

12 

10 


Northeast 


JUNE 21 

South 

6 

10 

m 

19 

35 

4 £ 

IK 

44 


19 

12 

10 


North 

DEC 22 


Southwest 

6 

10 

m 

13 

14 

14 

IK 

71 

\M 

1111 

109 

88 

Bl 

Northwest 



West 

6 


m 

K 

14 

N 

T 14 

44 

95 

IK 

IK 

■Ml 

126 

West 



Northwest 

6 


K 


14 

M 

1 14 

M 

30 


He 

CM 

118 

Southwest 



Horizontal 

IK 

| 82 

BE 

\m 

210 

232 

[ mm 

232 

210 

179 

134 

K 

31 

Horizontal 



North 

IK 

\m 

Hfs 


14 

K 

■n 

IK 1 

14 

13 

12 

H 

24 

mmmam 



Northeast 

Hi 

Efi 

Fill 


26 

K 


III' 

14 

HE 

H 

10 

5 



.JULY 23 

East 

m 

IIEO 

BEYl 

cl 

93 

m 

IhEI 

IE 

14 

it 

'MS 

10 

5 

Msmm 

JAN 21 


Southeast 

54 

96 

■lit 

125 

1 10 

82 

42 

15 

14 

13 

12 

10 

IH 

Northeast 


& 

South 

5 

10 

KB 

26 

44 

63 

69 

63 

44 

26 

13 

10 

p| 

North 

& 


Southwest 

5 

10 

KB 

IKS 

14 

15 

42 

82 

I 10 

125 

119 

96 

Ei 

Northwest 


MAY 21 

West 

b 

HJ 


13 


14 

Kl 


98 

mm 

■BJ 

Kl 

118 

■ "/fIMii i 1 i 

NOV 21 


Northwest 

5 

10 


13 


14 

■Q 

|£ 

26 

KB 

mm 


106 

Southwest 



Horizontal 

24 

73 


171 


225 



203 

Du 


m 

24 

Horizontal 



North 

7 

8 

11 

13 

14 

K 

14 

Kj 

IK 

K 

11 

8 

7 

South 



Northeast 

68 

102 

82 

46 

16 

1C 

14 

1C 

K 

IB 

ii 

8 

3 




East 

84 

147 

162 

145 

101 

K 

mn 

HI 

m 

Kl 

n 

8 

3 

East 

FE8 20 


Southeast 

48 

mm 

IJ8 

146 


|l<> 


25 

14 

K 

1 ! 

8 

3 

Northeast 


& 

South 

3 

8 

24 

51 

in 

m 

■Iff 

97 

89 

B 

24 

8 

3 

North 

& 


Southwest 

3 

8 

1 1 

13 


K 

mm 

107 

139 

KM 

138 

105 

48 

Northwest 



West 

3 

8 

1 1 

13 

14 

14 

14 

45 

101 

145 

162 

147 

84 

West 

OCT 23 


Northwest 

3 

8 

1 1 

13 

14 

14 

14 

14 

16 

46 

'82 

TE1 

68 

Southwest 



Horizontal 

9 

47 

100 

ISO 

185 

205 

214 

205 

185 

mm 


47 

9 

Horizontal 



North 

0 

5 

9 

12 

13 

11 


IB 



9 

5 

H 

South 



Northeast 

0 

51 

58 

26 

13 

IE 

HQ 

IB 

Hj 

■n 

9 

5 

H 



SEPT 22 

East 

H 

1 16 

149 

139 

99 

If 

Hi 

Kl 

if] 

■y 

9 

5 

HI 

East 

MAR 22 


Southeast 

W 

95 

144 




90 

mu 

mn 

mu 

9 

5 

H 

Northeast 


& 

South 

Kj 

12 

44 

81 



i 40 


NO 

81 

44 

12 

m 

North 

& 


Southwest 


5 

9 

12 


m 

90 

Ira 

157 

162 

144 

95 

Kfl 

Northwest 


MAR 22 

West 

0 

5 

9 


Kl 

13 

14 

45 

99 

139 

|E£I 

116 

H 

West 

SEPT 22 


Northwest 

0 

5 

9 

KfJ 

Ko 

13 

14 

13 

13 

26 

ml 

51 


Southwest 



Horizontal 

0 

Bl 

67 

iwl 

ml 

176 

183 

176 

153 

Ejfg 


21 

Kl 

Horizontal 



North 

0 

2 

D 

■a 

■n 

IB 

■a 

so 

II 

10 

6 

2 

0 

South 



Northeast 

B 

35 



HI 

IS 

H 

ID 

1 1 

10 

6 

2 

0 

Southeast 


OCT 23 

East 

S! 

85 

IIM 

IP! 

El 

KB 

Ml 

vs 

II 

10 

6 

2 

0 

East 

APR 20 


Southeast 


31 

132 

161 

163 

144 

107 

63 

20 

10 

6 

2 

0 

Northeast 


a 

South 

Kj 

21 

59 

104 

137 

154 

162 

154 

137 

104 

59 

21 

0 

North 

& 


Southwest 

Bl 

2 

6 

10 

20 

63 

■HI 

144 

us 

161 

132 

81 

0 



FEB 20 

West 

0 

2 

6 

■ni 

Bl 

■El 

■if 

39 

88 

122 

117 

85 

0 


AUG 24 


Northwest 

0 

2 

6 


ID 

12 

MS 

12 

11 

12 

33 

35 


Southwest 



Horizontal 

0 

8 

29 


fpjl 

123 

129 

123 

101 

64 

29 

8 

0 

Horizontal 


( 

North 

0 

Hill 

B 

mi 

m 

10 

■n 

10 


n 

HI 

B 

0 

South 



Northeast 

0 

H*i 

m 

7 

MS 

10 

11 

10 

B 

B 

3 

H 

0 

Southeast 


NOV 21 

East 

0 

■31 

ns 

100 

KJ 

33 

ii 

10 

KJ! 

MS 

HI 

H 

0 

East 

MAY 21 


Southeast 

0 

0 

109 

144 

IH-1 

144 

HU 

/ 0 

27 

7 

3 

0 

0 

Northeast 


& 

South 

0 

0 

59 

104 


158 

■E3 

158 

139 

104 

59 

0 

0 

North 

& 


Southwest 

0 

0 

■11 

S' 


70 

■ml 

144 

156 

144 

109 

0 

0 



JAN 21 

West 

0 

■*!i 

HI 

mg\ 

9 

10 

11 

33 

HI 

100 

91 

0 

0 

West 

JULY 23 


Northwest 

0 

0 

■8 

ml 

9 

10 

11 

10 

IQ 

7 

12 

0 

0 

Southwest 



Horizontal 

0 

■II 

191 

ESI 

73 

92 

103 

92 

Bll 

43 

16 

0 

0 

Horizontal 



North 

0 

0 

2 

Ell 

HI 

10 

10 

10 

HI 

■3 

2 

0 

0 

South 



Northeast 

0 

0 

7 

M 

HI 

■HI 

10 

10 

9 

ml 

2 

0 

0 

Southeast 



East 

0 

0 

wm\ 

EZ9I 

HI 

31 

10 

10 

HI 

Hi 

2 

0 

0 

East 



Southeast 

0 

0 

88 

134 

148 

142 

nai 

73 


Ml 

2 

0 

0 

Northeast 


DEC 22 

South 

0 

0 

51 

99 

134 

153 

RH 

158 

BJ 


51 

0 

0 

North 

JUNE 21 


Southwest 

0 

0 

Hi 

7 

30 _ 

73 

Hal 

142 

m 

SSI 

88 

0 

0 

Northwest 



West 

0 

HI 

Ml 

6 

Bll 

■HI 

Bill 

mi 

|j 

86 

72 

0 

0 

West 



Northwest 

0 

Bl 

H 

6 

9 

10 

El 

10 

m 

6 

7 

0 

0 

Southwest 


1 

Horizontal 

0 

HI 

in 

32 

55 

■1 

Kal 

76 

55 

32 

8 

0 

0 

Horizontal 





Steel Sash, or 

Haze 


Dewpoint 

Dewpoint 

South Lat. 

Correction j 

No Sash 


Decrease From 67 F 

increase From 67 F 

Dec, or Jan 

X I/.85 or 1.17 

-•15% (Max.) 

+ 0.7% per 1000 Ft 

+ 7% per 10 F 

— 7% per 10 F 

+ 7% 


Bold Face Values — Monthly Maximums 


8oxed Values — Yearly maximums 


























































































































































































































CHAPTER 4 SOLAR HEAT GAIN THRI OI \SS 


1-49 


50 ° 


TABLE 15 —SOLAR HEAT GAIN THRU ORDINARY GLASS (Contd) 

Btu/(hr) (sq ft sash area) 


50 ‘ 


Solar Gain 
Correction 


Steel Sash, or 
No Sash 
X I/.8S or 1.17 


Haie 

15% (Max.) 


Altitude 

+ 0.7% per 1000 Ft 


Dewpoint 

Decrease From 67 F 
+ 7% per 10 F 


Dewpoint 
Increase From 67 F 
- 7% per 10 F 


50“ NORTH LATITUDE 


AM 




SUN .TIME 




PM 


50° SOUTH 

LATITUDE 

Time of Year 

Exposure 

6 

7 

8 

9 

H 

m 

Noon 

1 

2 

3 

4 

5 

6 

Exposure 

Time of Year 


North 

29 

m 

12 

m 

■ 

14 

14 

14 



m 

12 

29 

South 



Northeast 

VF71 

m 

94 

50 

IQ 

14 

14 

14 

u 

m 

n 

10 

8 

Southeast 




uu 

1121 

162 

136 

EZJ 

kh 

14 

14 


■o 

ua 

■ill 

8 

East 




64 

102 


■*L1 

U£1 


61 

23 

14 

13 

12 


8 

Northeast 


JUNE 21 


g 

10 

n 

S3 

El 


93 

87 

68 

39 

16 

m 

8 

North 

DEC 22 



8 

10 

In 

MS 

H 

I'll 

61 

98 

124 

135 

126 

irci 

El 

Northwest 




8 

10 


13 

■n 

■Cl 

14 

41 


na 

162 

mi 

mn 

West 




8 

10 

12 

13 

i 4 

14 

14 

14 

J 6 

50 

94 

125 

126 

Southwest 



Horizontal 

44 

86 

133 

173 

197 

214 

220 

214 

197 

173 

133 

86 

44 

Horizontal 




21 

1 1 

12 

13 

14 

14 

14 

14 

14 

13 

12 

II 

21 

South 




1 14 

117 

37 

44 

IS 

14 

14 

M 

M 

13 

12 

10 

'6 

Southeast 


JULY 23 


131 

161 

163 

Ml 

96 

43 

14 

14 

14 

13 

12 

10 

6 

East 

JAN 21 



65 

107 

134 

143 

136 

109 

70 

26 

14 

13 

12 

10 

6 

Northeast 


& 


6 

10 

21 

50 

80 

98 

106 

98 

80 

50 

21 

10 

6 

North 

& 


Southwest 

6 

10 

12 

13 

14 

26 

70 

109 

136 

143 

134 

107 

65 

Northwest 


MAY 21 


6 

10 

12 

13 

14 

14 

14 

43 

96 

141 

163 

161 

131 

West 

NOV 21 



6 

10 

12 

13 

14 

14 

14 

14 

15 

44 

87 

117 

114 

Southwest 



Horizontal 

33 

75 

1 19 

159 

188 

205 

21 1 

205 

188 

159 

1 19 

75 

33 

Horizontal 




8 

8 

10 

12 

13 

14 

14 

14 

13 

12 

10 

8 

8 

South 




76 

94 

70 

31 

13 

14 

14 

14 

13 

12 

10 

8 

4 

Southeast 


AUG 24 


94 

145 

158 

141 

98 

45 

14 

14 

13 

12 

10 

8 

4 

East 

FEB 20 



53 

11 1 

144 

157 

153 

132 

89 

40 

13 

12 

IU 

8 

4 

Northeast 


& 


4 

9 

36 

73 

105 

130 

138 

130 

105 

73 

36 

9 

4 

North 

& 



4 

8 

10 

12 

13 

40 

89 

132 

153 

157 

144 

III 

53 

Northwest 


APR 20 


4 

8 

lo 

12 

13 

! 4 

14 

45 

98 

141 

158 

14b 

94 

West 

OCT 23 



4 

8 

10 

12 

13 

14 

14 

14 

13 

31 

70 

94 

76 

Southwest 



Horizontal 

13 

46 

89 

131 

160 

179 

185 

179 

160 

131 

89 

46 

13 

Horizontal 




0 

4 

8 

10 

12 

12 

12 

12 

12 

10 

8 

4 

0 

South 




0 

58 

46 

16 

12 

12 

12 

12 

12 

10 

8 

4 

0 

Southeast 


SEPT 22 


0 

107 

138 

130 

93 

43 

12 

12 

12 

10 

8 

4 

0 

East 

MAR 22 


0 

86 

139 

162 

163 

145 

105 

56 

17 

10 

8 

4 

0 

Northeast 


& 


0 

1 1 

51 

93 

131 

150 

158 

150 

131 

93 

51 

II 

0 

North 

& 


0 

4 

8 

10 

17 

56 

105 

145 

163 

162 

139 

86 

0 

Northwest 


MAR 22 


0 

4 

8 

10 

12 

12 

12 

43 

93 

130 

138 

102 

0 

West 

SEPT 22 



0 

4 

8 

10 

12 

12 

12 

12 

12 

16 

46 

58 

0 

Southwest 




0 

15 

49 

88 

118 

140 

148 

140 

1 18 

88 

49 

15 

0 

Horizontal 




0 

0 

4 

7 

9 

10 

1 1 

10 

9 

7 

4 

0 

0 

South 




0 

29 

20 

7 

9 

10 

1 1 

10 

9 

7 

4 

0 

0 

Southeast 


OCT 23 


0 

73 

99 

105 

79 

35 

1 1 

10 

9 

7 

4 

0 

0 

East 

APR 20 


0 

69 

111 

145 

157 

144 

115 

69 

24 

7 

4 

0 

0 

Northeast 


& 


0 

17 

53 

99 

137 

157 

167 

157 

137 

99 

53 

17 

0 

North 

& 



0 

0 

4 

7 

24 

69 ! 

115 

144 

157 

145 

11 1 

69 

0 

Northwest 


FEB 20 


0 

0 

4 

7 


10 

1 1 

35 

79 

105 

99 

73 

0 

West 

AUG 24 



0 

0 

4 

7 

9 

10 

1 1 

10 

9 

7 

20 

29 

0 

Southwest 



Horizontal 

0 

2 

19 

45 

72 

86 

94 

86 

72 

45 

19 

2 

0 

Horizontal 




0 

0 

1 

4 

6 

8 

9 

8 

6 

4 

1 

0 

0 

South 




0 

0 

5 

4 

6 

8 

9 

8 

6 

4 

1 

0 

0 

Southeast 


NOV 21 


0 

0 

51 

64 

57 

28 

9 

8 

6 

4 

1 

0 

0 

East 

MAY 21 



d 

0 

62 

95 

127 

127 

107 

67 

21 

4 

1 

0 

0 

Northeast 


& 


0 

0 

34 

70 

1 16 

143 

153 

143 

1 16 

70 

34 

0 

0 

North 

& 


Southwest 

0 

0 

1 

4 

21 

67 

107 

127 

127 

95 

62 

0 

0 

Northwest 


JAN 21 


0 

0 

1 

4 

6 

a 

9 

28 

5/ 

64 

51 

0 

0 

West 

JULY 23 



0 

0 

1 

4 

6 

8 

9 

8 

6 

4 

5 

0 

0 

Southwest 



Horizontal 

0 

0 

4 

13 

30 

47 

53 

47 

30 

13 

4 

0 

0 

Horizontal 




0 

0 

0 

3 

5 

6 

7 

6 

5 

3 

0 

0 

0 

South 




0 

0 

0 

3 

5 

6 

7 

6 

5 

3 

0 

0 

0 

Southeast 




0 

0 

0 

27 

47 

23 

7 

6 

5 

3 

0 

0 

0 

East 




0 

0 

0 

41 

107 

116 

100 

62 

2b 

3 

0 

0 

0 

Northeast 


DEC 22 


0 

0 

0 

31 

99 

131 

141 

131 

99 

31 

0 

0 

0 

North 

JUNE 21 



0 

0 

0 

3 

25 

62 

100 

1 16 

107 

41 

0 

0 

0 

Northwest 




0 

0 

0 

3 

5 

6 

7 

23 

47 

V 

0 

0 

u 

West 




0 

0 

0 

3 

5 

6 

7 

6 

5 

3 

0 

0 

0 

Southwest 



Horizontal 

0 

0 

0 

5 

19 

33 

40 

33 

19 

5 

0 

0 

0 

Horizontal 



Dec., or Jan 
+ 7% 


Bold Face Values — Monthly Masimums Boxed Values — Yearly maximums 


Air Conditioning Company 
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PART I LOAD ESTIMATING 



Etc. 15 — Reaction on Solar Heat (R) , 52% Heai 
Absorbing Glass, 30° Angle of Incidence 

( 

4LL. GLASS TYPES - WITH AND WITHOUT 
SHADING DEVICES 

Glass, other than ordinary glass, absorbs more 
iolar heat because it 

1 May be thicker, or 

2 May be specially treated to absorb solar heat 
(heat absorbing glass). 

These special glass types reduce the transmitted 
;olar heat but increase the amount of absorbed 
olar heat flowing into the space. Normally they 
effect slightly less than ordinary glass because part 
)1 the reflection takes place on the inside surface 
V portion of heat reflected from the inside surface 
s absorbed in passing back through the glass. The 
rverall effect, however, is to reduce the solar heat 
;ain to the conditioned space as shown in Pig 1.5 
Refer to Item 8, page 5.1, for absorptivity, reflec- 
ivi( nd transmissibility of common types of glass 
it 80° angle of incidence.) 

The solar heat gain factor through 52% heat 
bsorbing glass as compared to ordinary glass is 
34R/ 88 R = .728 or .73. This multiplier (.73) is 
ised with Table 15 to determine the solar heat gain 
hru 52% heat absorbing glass Multipliers for vari- 
us types of glass are listed in Table 16 
The effectiveness of a shading device depends 
n its ability to keep solar heat from the condi- 
ioned space. All shading devices reflect and absorb 
major portion of the solar gain, leaving a small 
ortion to be transmitted The outdoor shading 
evices are much more effective than the inside de¬ 
ices because all of the reflected solar heat is kept 
ut and the absorbed heat is dissipated to the out- 
oor air.. Inside devices necessarily dissipate their 
>sorbed heat within the conditioned space and 



Tig 16 - Reaction on Solar Heai (R), 14 -iNCH 
Plate Glass, White Venetian Blind, 30° Angle 
of Incidence 


must also reflect the solar heat back through the 
glass (Tig. 16) wherein some of it is absorbed. (Refer 
to Item 8, page 51, for absorptivity, reflectivity and 
transmissibility of common shading devices at 30° 
angle of incidence) 

The solar heat gain thru glass with an inside 
shading device may be expressed as follows: 

R 

Q = [ 4a g + t g (a sd f t sd + igi s d + 4a g r sd )] — 

, 08 

where: 

Q = solar heat gain to space Btu/(hr)(sq ft) 

R = total solar intensity Btu/(hr)(sq ft), (from Table 15) 
a = solar absorptivity 
t = solar transmissibility 
I = solar reflectivity 
g = glass 

sd = shading device 

88 = conversion factor from Fig 12 

For drapes the above formula changes as follows, 
caused by the hot air space between glass and drapes: 

Q = [ 24a g + t g ( 85a sd + t sd + x g r sd + 24a g r sd )] ~ 

88 

The transmission factor U for glass with 100% 
drape is 0.80 Btu/(hr) (sq ft) (F). 

The solar heat gain factor thru the combination 
in Fig , 16 as compared to ordinary glass is 49R/. 88 R 
= 557 or 56 (Refer to Table 16 for 14 -inch regular 
plate glass with a white Venetian blind.) 
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NOTE: Actually the reaction on the solar heat reflected back 
through the glass from the blind is not always identi 
cal to the first pass as assumed in this example The 
first pass through the glass filters out most of solar 
radiation that is to be absorbed in the glass, and the 
second pass absorbs somewhat less lor simplicity the 
reaction is assumed identical, since the quantities are 
normally small on the second pass 

Basis of Table 16 

Over-all Factors for Solar Heat Gain thru Glass, 

With and Without Shading Devices 

The factors in Table 16 are based on: 

1 An outdoor film coefficient of 2 8 Btu/(hr) 
(sq ft) (deg I) at 5 mph wind velocity 

2 An inside film coefficient of 18 Btu/(hr)(sq ft) 
(deg T), J00-200 fpm.. This is not 1 47 as nor¬ 
mally used, since the present practice in well 
designed systems is to sweep the window with 
a stream of air. 

3. A 30° angle of incidence which is the angle 
at which most exposures peak The 30° angle 
of incidence is approximately the balance 
point on reduction of solar heat coming 
through the atmosphere and the decreased 
transmissibility of glass Above the 30° angle 
the transmissibility of glass decreases, and 
below the 30° angle the atmosphere absorbs 
or reflects more. 

4. All shading devices fully drawn, except roller 
shades Experience indicates that roller shades 
are seldom fully draion, so the factors have 
been slightly increased. 

5 Venetian blind slats horizontal at 45° and 
shading screen slats horizontal at 17°. 


6 Outdoor canvas awnings ventilated at sides and 
top (See J able 16 footnote.) 

7 Since Table 15 is based on the net solar heat 
gain thru ordinary glass, all calculated solar 
heat factors are divided by 88 (Fig 12) 

8 The average absorptivity, reflectivity and trans- 
missability for common glass and' shading de¬ 
vices at a 30° angle of incidence along with 
shading factors appear in the table below. 

Use of Table 16 

-Over-all Factors for Solar Heat Gain thru Glass, 
With and Without Shading Devices 

The factors in Table 16 are multiplied by the 
values in Table 15 to determine the solar heat gain 
thru different combinations of glass and shading 
devices The correction factors listed under Table 15 
are to be used if applicable Transmission due to 
temperature difference between the inside and out¬ 
door air must be added to the solar heat gain to 
determine total gain thru glass. 

Example 3 — Pariially Drawn Shades 
Occasionally it is necessary to estimate the cooling load in 
a building where the blinds are not to be fully drawn The 
procedure is illustrated in the following example: 

Given: 

West exposure, 40° North latitude 

Thermopane window with white Venetian blind on inside, 
a/, drawn 

find: 

Peak solar heat gain 
Solution: 

By inspection of Table 15, the boxed boldface values for 
peak solar heat gain, occurring at 4:00 p m on July 23 
= 164 Btu/(hr)(sq ft) 


; TYPES OF GLASS OR 

SHADING DEVICES* 

Absorptivity 

(?) 

Reflectivity f 

<r) ]tK 

'Transmissibility’ 

(0 A r 

J*'. i 

Solar Factorj 

Ordinary Glass 

06 

:< .os 7/yV 

.86 

1.00 

Regular Plate, t/$" •• - 

.15 

•A .08 IV'- A 

- A : 

* 94 

Glass. Heat Absorbing 

by nifg. 

• >A05 -v-T 

A (1 -? .05 A a) 

; ;> — * 

Venetian Blind Light Color 

• 37 

- ;.51 

•A 12 AA 

.56: : 

Medium Color 

58 

39 T.T 

03 

65: 

Dark Color 

.72 

r .27 

.01 

. 75 : 

Fiberglass Cloth, Off White (5-72 • 61/58) 

.05 

60 v 

:OA 35 A 

4s: 

Cotton Cloth, Beige (6 18 - 91/36) 

26 

- : 51 '% % 

23 ?: 

so: 

Fiberglass Cloth, Light Gray v 

.30 

47 A i. 

iv. 23 

a 59 : 

Fiberglass Cloth, Tan (7 55 - 57/29) T - : 

.44 

• 42 ^ /•;. 

14 A 

64: A . 

Glass Cloth, White, Golden Stripes 

05 

- 41 

54 

651 

Fiberglass Cloth, Dark Gray 

.60 

• - 29 v-- 

.11 

.75: 

Dacron Cloth, White (18 - 86/81) 

Cotton Cloth, Dark Green, Vinyl Coated 
(similar to roller shade) 

Cotton Cloth, Dark Green (6.06 - 91/36) 

02 

85 

-02 

- "- - 2S ;y v ; 

15 " lV 

A ?28 A A' 

70 

00 
.70 ■ 

.76: 

.88: 

' .76: 


•Factors for various draperies are given for guidance only since -(-Compared to ordinary glass 

the actual drapery material may lie different in color and +For a shading device in combination with ordinary glass 

texture: figures in parentheses are ounces per sq yd, and yarn 
count warp/filling Consult manufacturers for actual values 


Air CoaiiUaaiag Company 
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Thci mopane windows have no sash; therefore, sash area 
correction = i / 85 (bottom Table 15) . 

In this example % of the window is covered with the 
Venetian blind and \/ 4 is not; therefore the solar heat gain 
factor equals 3/j of the overall factor 4- / of the glass 
factor. 

f actor tor r/ drawn = {% X 52) + (i/ 4 X 80) (T able 16) 

= 59 

.59 

Solar heat gain = 164 X 

= 114 Btti/ (hr) (s<j fr) 

<ample 4 — Peak Solar Heat Gain thru So/ex "R ' Glass 

\en: 

West exposure 40° North latitude 

l A” Solex R glass in steel sash double hung window 


Find: 

Peak solar heat gain 
Solution: 

By inspection of Table 15 the boxed boldface value for 
peak solar heat gain occurring at 4:00 p m on July 23 
= 164 Btu/ (hr) (sq ft) 

Steel sash window correction = 1/85 (bottom Table 15) 
Solex R glass absorbs 50 9% of the solar heat (footnotes 
to Table 16) which places this glass in the 48% to 56% 
absorbing range 

From Table 16, the factor = 73 
„ . 164 X .73 

Solar heat gain = —g: - = 141 Btu/ (hr) (sq ft) 


TABLE 16 —OVER-ALL FACTORS FOR SOLAR HEAT GAIN THRU GLASS 

WITH AND WITHOUT SHADING DEVICES* 


Apply Factors to Table 15 

Outdoor wind velocity, 5 mph — Angle of incidence, 30° — Shading devices fully covering window 


TYPE OF GLASS 

GLASS 
FACTOR 
NO ■ 
SHADE 

VEI 

45 

or 

' INSIDE 
"•IETIAN BLIND* 

0 horiz. or vertical 

ROLLER SHADE . ' 

OUTSIDE 
VENETIAN BLIND 

45° horiz ifats 

OUTSIDE 
SHADING; :?* 
SCREEN* 0’' 

17° horiz. sla« 

2 OUTSIDE 
; JpWNING* 

; Want side* & too 

Light 

Color 

Medium 

Color 

Dark 

Color 

Light 

Color 

Light on 
Outside 
Dark on 
Inside 

Medium*' 

Color 

' Dark l 
, Color. 

Light 
Color ; 

Med, or 
j Dark 
Color 

>RD!NARY GLASS 

1.00 

.56 

.65 

.75 

.IS 

.13 

.22 

.15 

.20 

.25 

IEGULAR PLATE inch) 

.94 

.56 

.65 

.74 

.14 

.12 

.21 

.14 

.19 

.24 

fEAT ABSORBING GLASSft : 
40 to 48% Absorbing : 

48 to 56% Absorbing 

56 to 70% Absorbing. .3$. 

80 

73 

.62 

56 

53 

.51 

62 

59 

.54 

72 

62 

.56 

12 

..II 

.10 

11 

10 

.10 

18 

.16 

.14 

..12 

II 

.10 

16 

15 

.12 

.20 

18 

.16 

iOUBL.E PANE 

Ordinary Glass 

Rea l a-f Plate 

48\ 6% Absorbing outside; 

Ordinary Glass inside T; 

48 to 56% Absorbing outside: 
Regular Plate inside. 

90 

80 

52 

50 

.54 

52 

36 

36 

.61 

59 

39 

39 

67 

65 

43 

.43 

14 

12 

.10 

.10 

12 

.11 

.10 

to 

.20 

18 

11 

II 

.14 

12 

.10 

10 

.18 

16 

10 

.10 

22 

20 

13 

J2 

RIFLE PANE , 

Ordinary Glass "• 

Regular Plate . ■'?.)' '■■■ 

83 

.69 

48 

.47 

.56 

.52 

.64 

.57 

.12 

.10 

11 

.10 

..18 

.15 

12 

.10 

16 

.14 

20 

.17 

AINTED GLASS ' ' i- v;;.;' 

Light Color L A 

Medium Color . 

Dark Color :. 

.28 

39 

.50 










AINED GLASS** 

Amber Color 

Dark Red 

Dark Blue " • - 

Dark Green 

Greyed Green 

Light Opalescent 

Dark Opalescent 

..70 

56 

.60 

32 

46 

43 

.37 











otnotes for Table 16 appear on next page. 
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^.15 R 




.03XJ2 

X-77R 


I5X.5I 

^■ xg ,/^77R 


X 77R 

-«? 

X.77R S' 

... 6 .... 



i it: 



— 75 X 15 
X 12 X 77R 


20 X (5 
■ X 5IX77R 


45 ft 37 X..77R1+ (.08 X 51 X 77R) 
H-08X.12X.77R)] 

ffrv'-vV-'-.fi * 


Pig. 17 — Reaction on Solar Heat (R), i^-inch 
Plate Glass, Whiie Venetian Blind, i/ 4 -inch 
Plate Glass, 30° Angle of Incidence 

APPROXIMATION OF FACTORS FOR COMBINATIONS 
NOT FOUND IN TABLE 16 

Occasionally combinations of shading devices and 
types of glass may be encountered that are not cov¬ 
ered in Table 16.. These factors can be approximated 
(1) by using the solar heat gain flow diagrams in 


Pig 15 and 16, (2) by applying the absorptivity, re¬ 
flectivity and transmissibility of glass and shades 
listed in the table on page 51, or determined from 
manufacturer, and (3) by distributing heat absorbed 
within the dead air space and glass panes (Pig 17) 

Example 5 — Approx/maf/on of Over-all Facfor 

Given: 

A combination as in Fig 16 backed on the inside with an 
othei pane of 14 inch regular plate glass 

Find: 

The o\er-aII factor 
Solution: 

Figure 17 shows the distribution of solar heat. The heat ab¬ 
sorbed between the glass panes (dead air space) is divided 
45% and 55% respectively between the in and out flow. The 
heat absorbed within the glass panes is divided 20% in and 
80% out for the outer pane, and 75% in and 25% out for 
the inner pane These divisions are based on reasoning par¬ 
tially stated in the notes under Fig 13 which assume the 
outdoor film coefficient of 2 8 Btu/ (hr) (sq ft) (deg F), the 
indoor film coefficient of 1 8 Btu/ (hr) (sq ft) (deg F), and the 
over-all thermal conductance of the air space of 1 37 Btu/ 
(hr) (sq ft) (deg F). 

Heat gain to space (Fig 17) 

* (.75 X ..15 X 12 X 77R) + ( 77 X .12 X 77R) 

+ 45 [(.37 X .77R) + (.08 X 51 X 77R) 

+ (08 X 12 X „77R)] 

+ .20 [(15R) + (15 X 51 X 77R)] 

= 2684R or 27R 

Solar heat gain factor as compared to ordinary glass 
= 27R/.88R = 31 


Equations: Solar Gain Without Shades =» (Solar Data from Table 15) X (Glass Factor from table) 

Solar Gain With Shades = (Solar Data from Table 15) X (Overall Factor from table) 

Solar Gain With Shades Partially Drawn = (Solar Data from Table 15) X 

[(Fraction Drawn X Over-all Factor) + (1 — Fraction Drawn) X (Glass Factor)] 


&JH Si? 


-‘ootnotes for Table 16: 

‘Shading devices fully drawn except roller shodes. For fully drawn 
roller shodes, multiply light colors by .73, medium colors by 95, and 
dark colors by 1 08 

[Factors for solar altitude angles of 40° or greater. At solar altitudes 
below 40°, some direct solar rays pass thru the slats Use following 
multipliers:— 

MULTIPLIERS FOR SOLAR ALTITUDES BELOW 40° 


Approximate Sun Tim 

July 23 

Solar 

Multiplier 

30° Lat. 

■fc. 

o 

o 

Q 

50° Lat. 

Angle 

(deg) 

Med 

Color 

Dark 

Color 

6:00 a m 

5:45 a m 

5:30 a m 

10 

2 09 

3 46 

6:00 p m 

6:15 p m 

6:30 p m 




6:45 a m 

6:40 a m 

6:30 a m 

20 

1.59 

2 66 

5:15 p.m 

5:20 p.m. 

5:30 p.m 




7:30 a m 

7:30 a m.. 

7:30 a m 

30 

1.09 

1.67 

4:30 p.m. 

4:30 p.m. 

4:30 p.m. 





[With outside canvas awnings tight against building on sides and top, 
multiply over-all factor by 1 4 

§Commercial shade bronze Metal slats 0.05 inches wide, 17 per inch 


Air Conditiortiag Company 


“Commercial shade, aluminum Metal slats 0 057 inches wide, 17 5 
per inch 

[[Most heat absorbing glass used in comfort air conditioning is in the 
40% to 56% range; industrial applications normally use 56% to 
70% The following table presents the absorption qualities of the 
most common glass types:— 

SOLAR RADIATION ABSORBED BY HEAT ABSORBING GLASS 


Trade 
Name or 
Descrip 
tion 

Manufacturer 

Thick¬ 

ness 

(in.) 

Color | 

Solar 

Radiation 

Absorbed 

(%) 

Aklo 

Blue Ridge Glass Corp 

V, 

Pale 8lue-Green j 

56 6 

Aklo 

Blue Ridge Glass Corp 

A 

Pale Blue-Green ! 

697 

Coolite 

Mississippi Glass Co. 

% 

Light Blue i 

58 4 

Coolite 

Mississippi Glass Co 

A 

Light 8lue 1 

70 4 

L O F 

Libbey Owens Ford 

A 

Pale Blue-Green ! 

48 2 

Solex R 

Pittsburgh Plate Glass 





Co. 

A 

Pale Green 

50.9 


[[With multicolor windows, use the predominant color. 
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SS BLOCK 

ass block differs from sheet glass in that there 
i appreciable absorption of solar heat and a 
\ long time lag before the heat reaches the in- 
fab-out 3 hours) This is primarily caused by 
.hernial storage capacity ol the glass block it- 
I he high absorption of heat increases the 
c surface temperature of the sunlit glass block 
h rna\ require loner room temperatures to 
itain comtorr conditions as explained in Chap- 

uling de\ices on the outdoor side of glass block 
dm >st as effective as with an) other kind of 
since they keep the heat away from the glass 
mg devices on the inside are not effective in 
ing the heat gain because most of the heat 
ltd, absorbed in the glass block 

of Table 17 

ar Heat Gain Factors for Glass Block, 
fh and Without Shading Devices 
ie factors in 7 able 17 are the average of tests 
acted by the ASHAE on seveial types of glass 

ice glass block windows have no sash, the fac¬ 


tors in fable 17 have been increased to include the 
1/85 multiplier in Tabic 15 

Use of Table 17 

— Solar Heat Gain Factors for Glass Black, 

With and Without Shading Devices 

The factors in Table 17 are used to determine the 
solar heat gain thru all types of glass block. 

The transmission of heat caused by a difference 
between the inside and outdoor temperatures must 
also be figured, using the appropriate 1 U” value, 
Chapter 5 

Example 6 — Peak Solor Heat Gain , Glass Block 
Given: 

West exposure, 40° North latitude 
Class block window 

Tind: 

Peak solar heat gain 
Solution: 

By inspection of Table 13, the peak solar heat gain occurs 
on July 23 
Solar heat gain 

At 4:00 p m = ( 39 X 164) + (21 X 43) = 73 

At 5:00 p m = ( 39 X 161) + ( 21 X 98) = 84 

At 6:00 pm = ( 39 X 118) + (21 X 144) = 76 

Peak solar heat gain occurs at 5:00 p m on July 23 


TABLE 17-SOLAR HEAT GAIN FACTORS FOR GLASS BLOCK 
WITH AND WITHOUT SHADING DEVICES* 


Apply Factors to Table 1 5 


EXPOSURE 

IN NORTH 
\TITUDE5 

MULTIPLYING 

FACTORS FOR GLASS BLOCK 


Instantaneous 

Transmission 

Factor 

(Bi) 

Absorption 

Transmission 

EXPOSURE 

IN SOUTH 

LATITUDES 

Factor 

(B a ) 

Time Lag 
Hours 

rtheasl 

27 

24 


Southeast 

si 

.39 

21 

k 

East 

utheast 

.35 

.22 


Northeast 

ufh 




North 

Summer) 

27 

24 

3 0 

Summer) 

Winter) 

.39 

.22 

3.0 

Winter ) 

uthvrest 

35 

22 

30 

Northwest 

es t 

39 

21 

3.0 

West 

rthwest 

.27 

.24 

3.0 

Southwest 


include correction for no sash with glass block windows fUse the summer factors for all latitudes, North or South. Use the 

winter factor for intermediate seasons 30 to 50 North or South 
latitude 


heat gain without shading devices 

!8j X 1;} + (Ba X iq) 

heat gain with outdoor shading devices 

(Bi X li + Bo X t a ) X 25 

heat gain with inside shading devices 

!Bi X I; + Bo X l 0 > X .90 


Where: - 

B; = instantaneous transmission factor from Table 17. 

B a = Absorption transmission factor from Table 17. 
li = Solar heal goin value from Tobie I S for the desired time and 
wall facing 

lo — Solar heat gain value from Table 15 for 3 hours earlier than 
li and same wall facing. 
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SHADING FROM REVEALS, OVERHANGS, 
FINS AND ADJACENT BUILDINGS 

411 windows are shaded to a greater or lessei 
degree by the projections close to it and by build¬ 
ings around it This shading reduces the solar- 
heat gain through these windows by keeping the 
direct rays of the sun off part or all of the window. 
The shaded portion has only the diffuse com¬ 
ponent striking it Shading of windows is signifi¬ 
cant irr monumental type buildings w'here the 
reveal may be large, even at the time of peak solar 
heat gain Client J, this chapter, is presented to 
simplify the determination of the shading of win 
clows by these projections 

Basis of Chart 1 

r 'hading from Reveals, Overhangs, Fins and 
• Adjacent Buildings 

The location of the sun is defined by the solar- 
azimuth angle and the solar altitude angle as shown 
in Fig 18 The solar azimuth angle is the angle in a 
horizontal plane between North and the vertical 
plane passing through the sun and the point on 
earth The solar altitude angle is the angle in a 
vertical plane between the sun and a horizontal 
plane through a point on earth The location of the 
sun with respect to the particular wall facing rs de¬ 
fined by the wall solar azimuth angle and the solar 
altitude angle The wall solai azimuth angle is the 
angle in the horizontal plane between the perpen¬ 
dicular to the wall and the vertical plane passing 
through the sun and the point on earth. 

The shading of a window by a vertical projection 
alongside the window' (see Fig. 19) is the tangent of 
/lie wall solar azimuth angle (B), times depth of 
{ projection The shading of a window by a hori¬ 
zontal projection above the window rs the tangent 
of angle (X), a resultant of the combined effects of 
the altitude angle (A) and the wall solar azimuth 
angle (B), times the depth of the projection. 

^ Tan A, solar altitude angle 

~~ Cos B, wall solar azimuth angle 

The upper part of Chart 1 determines the tan¬ 
gent of the wall solar azimuth angle and the bottom 
part deter mines tan X. 

Use of Chart 1 

— Shading from Reveals, Overhangs, Fins and 

Adjacent Buildings 

The procedure to determine the top and side 
shading from Chart 1 is 

1. Determine the solar azimuth and altitude an¬ 
odes horn Table 18 

D 



Fig. 18 — Solar Angles 



Fig 19 — Shading by Wall Project ions 

2 Locate the solar azimuth angle on the scale in 
upper part of Chart 1 

3 Pioceed horizontally to the exposure desired 

4. Drop vertically to ‘ Shading from Side” scale 

5 Multiply the depth of the projection (plan 
view') by the ‘-Shading from Side 

6. Locate tire solar altitude angle on the scale in 
lower par t of Chart 1 

7 Move horizontally until the ‘ Shading from 
Side value (45 deg lines) determined in Step 
4 is intersected. 

8 Drop vertically to Shading horn T op ' from 
intersection 

9. Multiply the depth of the projection (eleva¬ 
tion view) by the Shading from Top ” 
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CHART 1 SHADING FROM REVEALS, OVERHANGS, FINS AND ADJACENT BUILDINGS 


Given: 

West facing steel casement window with an 8 inch 
reveal and a 2 ft overhang 6 inches above window. 

Tind: 

Shading by reveal and overhang at 2 pm. July 23. 
40° North Latitude 

Solution: 

From Table IS, 

Azimuth angle = 242° 

Altitude angle = 57° 

From Chart 1, 

1 Enter at solar azimuth angle (242°) to west 
(W) exposure shading from side = 06 inch/ 
inch 

2 Enter at solar altitude angle (57°) to shad¬ 
ing from side (0 6 inch/inch) Shading from 
top = 1 8 inch/inch 

3 Shadin* by reveal = 06x8 = 48 in 

4 Shading by overhang=l 8(24 + 8) -6 = 51 6 in 



4 5 678 i 15 2 34 

SHADING FROM TOP (INCH/INCH) 


Air CaadltioButfr Cozup*ny 
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TABLE 18—SOLAR ALTITUDE AND AZIMUTH ANGLES 


NORTH* 

LATITUDE 


linrir-Tirjii) 





g 111 :s £ S £ s g s g s 13 s a s 

S HI g !S S S g 3 S g g S s s | » 11 Si 

‘ 5 g ,'S £ a o 8 g g 3 o 6 S 3 o 2 g 3 o‘ g £ a s g IS g 13 « ■« 



54 126 58 112 60 

65 144 71 127 75 

180 79 180 90 


65 216 71 
54 234 58 

42 243 44 

28 247 30 
14 249 15 


127 65 144 62 148 
180 70 180 67 180 


75 272 71 307 65 

60 271 58 292 54 

45 271 44 286 42 

30 27! 30 283 28 

15 270 15 282 14 



"65’ 324 7i 307 75 272 71 1233 65 216 62 212 

54 306 58 292 60 271 58 248 54 234 53 229 

42 297 44 286 45 271 44 254 42 243 41 238 

28 293 30 283 30 271 30 257 28 247 27 243 

14 291 IS 282 15 270 15 258 14 249 14 246 





37 124 
48 136 


57 205 
48 224 
37 236 
24 243 
10 


114 
19 | 121 
30 
40 
47 
50 


47 

"40 

30 

19 


12 103 15 

27 108 30 

41 IIS 44 
54 125 
64 144 

69 180 


72 
59 
44 

27 I 252 | 30 
12 257 


106 
112 28 
121 42 
133 55 
152 66 
I BO 


55 208 66 
47 227 55 
36 239 42 
23 248 28 
10 254 14 




9 116 
0 127 
0 141 49 

6 159 57 

9 180 60 


46 201 57 
40 219 49 
30 233 38 
19 244 26 
253 13 


67 
56 
244 44 
254 31 
263 19 


70 4 

72 18 

72 32 
72 45 67 

58 61 

70 44 

77 


307 70 
293 58 
288 45 
288 32 
288 18 
290 


71 8 

75 21 

79 35 75 

82 48 77 

85 62 77 

88 76 74 

0 87 


272 76 286 
275 62 283 
278 48 283 
281 35 285 

285 21 288 

289 8 292 


II 69 
24 76 

37 82 

88 


MIBlii 

FTTUn pyTlM 

E2QQEH3 



125 
17 136 
24 149 
28 164 

30 180 


196 

211 

224 

235 


5 110 12 

5 119 23 

24 131 33 
32 145 42 

37 162 48 

39 100 50 


37 198 48 

32 215 42 
24 229 33 
15 241 23 
250 12 


10 

10 121 19 


27 196 39 
23 212 34 
17 226 27 
10 239 19 
10 



238 75 248 
257 62 264 
267 49 272 
274 37 278 
281 24 284 

288 II 291 


3 70 

17 72 16 

32 72 31 

46 72 46 

60 67 61 

73 53 75 

80 0 89 


73 307 75 
60 293 61 
46 288 46 
32 288 31 
17 288 16 

3 290 


7 71 4 

20 75 18 

34 79 32 

48 82 46 

62 85 59 

75 88 72 


75 272 72 
62 275 59 
48 278 46 
34 281 32 

20 285 18 
7 289 


10 72 

23 79 19 

35 86 31 

48 93 44 

61 103 56 

73 122 67 

80 180 71 


73 238 67 
61 257 56 
48 267 44 
35 274 31 
23 281 19 

288 


8! IS 92 

83 30 95 

84 44 99 


276 72 238 
276 59 254 

276 44 261 

277 30 265 

279 IS 268 
282 1 270 


12 103 10 
27 108 24 
41 115 37 

54 125 48 
64 144 57 

69 180 60 


216 
235 
245 , 

27 I 252 24 
12 257 10 


13 9 116 

17 23 121 
24 35 128 
36 46 139 
55 53 156 
B0 57 180 


S3 204 
46 221 
35 232 
243 I 23 239 
247 9 244 



238 41 
250 30 
261 19 


101 18 
114 28 
127 37 
143 44 

160 49 

180 51 


200 49 
217 44 
233 37 
246 28 
259 18 


66 
57 
47 
258 35 
269 24 

279 13 



203 58 
223 52 
240 44 
254 34 
266 25 
277 15 


74 15 72 

83 26 80 

93 37 89 

104 49 100 

118 60 114 

143 69 138 

180 73 180 


217 69 222 
242 60 246 
256 49 260 
267 37 271 
277 26 280 
286 15 288 


77 18 74 

88 27 85 

100 37 97 

114 46 110 

131 55 128 

152 61 151 

180 63 180 


208 61 
229 55 
246 46 
260 37 
272 27 
283 18 


hi 



13 74 

24 83 19 

35 93 30 

47 104 41 
57 118 51 
66 143 58 

70 180 61 


66 217 
57 242 
47 256 41 
35 267 30 
24 277 19 
13 286 


15 77 9 

25 88 18 

34 100 28 
44 114 37 
52 131 44 

58 152 49 
60 180 51 


58 208 
52 229 
44 246 37 
34 260 28 
25 272 18 

IS 283 


243 66 217 
258 55 240 
266 42 252 
271 28 259 
14 265 


80 

87 13 97 

95 26 106 
104 38 116 
117 49 130 

140 57 151 

180 60 180 


220 57 
243 49 
256 38 
265 26 
273 13 

280 


81 

91 12 99 

102 23 no 
113 33 122 

129 42 138 

151 48 157 

180 50 


48 203 
42 222 
33 238 
23 250 
12 261 


83 

94 10 101 
106 19 114 

120 27 127 
137 34 143 
157 39 160 

180 40 180 


200 
217 

240 27 233 
254 19 246 
266 10 259 
277 


106 

112 19 
21 30 
33 40 142 
52 47 158 

50 180 


208 47 202 44 197 

227 40 218 38 215 

239 30 230 28 227 

248 19 239 17 236 

254 6 246 5 243 


107 2 115 

19 116 14 124 II 126 

30 127 24 134 21 136 

40 141 32 146 29 149 

46 159 38 162 35 164 

49 180 40 180 37 


46 201 38 198 35 196 

40 219 32 214 29 211 

30 233 24 226 21 224 

,9 244 14 236 II 234 

253 2 245 


5 110 

5 119 8 125 5 127 

24 131 17 136 14 138 

32 145 24 149 

37 162 28 164 25 165 

180 30 180 127 1180 


37 198 28 196 25 195 

32 215 24 211 21 209 

24 229 17 224 14 222 

15 241 8 235 5 233 

5 250 


10 121 3 125 

17 134 10 133 


23 148 

27 164 




151 

165 

180 


196 19 195 

212 15 209 [12 


226 10 222 
10 [239 3 235 



SOUTH* • • SUN j u)v 23 |au<jT 24 kept. 22 Oct. 23 Nov. 21 : Dec. 22 Jen 21 ifeb 20 |Wer 22 (Apr. 20 May 21 June 21 
LATITUDEjj JIMS I" 1 1 - r A:- • P.T r i - I , 1 - 1 1 ; " —-——- 1 

’Use months indicated at top lor North Latitudes; and use months at bottom for South latitudes. 
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CHAPTER 5. HEAT AND WATER VAPOR FLOW 

THRU STRUCTURES 


m 

;4 


This chapter presents the methods and data for 
determining the sensible and latent heat gain or loss 
thru the outdoor structures of a building or thru a 
structure surrounding a space within the building 
It also pr esents data for determining and preventing 
water vapor condensation on the enclosure surfaces 
or within the structure materials 

Heat flows from one point to another whenever a 
temperatur e difference exists between the two points; 
the direction of flow is always towards the lower tem¬ 
perature Water vapor also flows from one point to 
another whenever a difference in vapor pressure 
exists between the two points; the direction of flow is 
towards the point of low vapor pressure. The rate at 
which the heat or water vapor will flow varies with 
the resistance to flow between the two points in the 
material If the temperature and vapor pressure of 
the water vapor correspond to saturation conditions 
at any point, condensation occurs. 

HEAT FLOW THRU BUILDING STRUCTURES 

Heat gain thru the exterior construction (walls 
and roof) is normally calculated at the time of 
greatest heat flow. It is caused by solar heat being 
absorbed at the exterior surface and by the tem¬ 
perature difference between the outdoor and indoor 
air. Both heat sources are highly variable thruout 
any one day and, therefore, result in unsteady state 
heat flow thru the exterior construction This un¬ 
steady state flow is difficult to evaluate for each in¬ 
dividual situation; however, it can be handled best 
by means of an equivalent temperature difference 
across the structure.. 

The equivalent temperature difference is that tem¬ 
perature difference which results in the total heat 
flow thru the structure as caused by the variable 
solar radiation and outdoor temperature The equiv¬ 
alent temperature difference across the structure 
must take into account the different types of con¬ 
struction and exposures, time of day, location of the 
building (latitude), and design conditions.. The heat 
flow thru the structure may then be calculated, using 
the steady state heat flow equation with the equiv¬ 
alent temperature difference, 


q — UAAt e 

where q — heat flow, Btu/hr 

U = transmission coefficient, 

Btu/(hr)(sq ft)(deg F temp diff) 

A = area of sur face, sq ft 
A t e = equiv temp diff F 

Heat loss thru the exterior construction (walls and 
roof) is normally calculated at the time of greatest 
heat flow This occurs early in the morning after a 
few hours of very low outdoor temperatures.. This 
approaches steady state heat flow conditions, and for 
all practical purposes may be assumed as such. 

Heat flow thru the interior construction (floors , 
ceilings and partitions) is caused by a difference in 
temperature of the air on both sides of the structure 
This temperature difference is essentially constant 
thruout the day and, therefore, the heat flow can be 
determined from the steady state heat flow equation, 
using the actual temperatures on either side. 

EQUIVALENT TEMPERATURE DIFFERENCE — 
SUNLIT AND SHADED WALLS AND ROOFS 

The process of transferring heat thru a wall under 
indicated unsteady state conditions may be visu¬ 
alized by picturing a 12-inch brick wall sliced into 
12 one-inch sections Assume that temperatures in 
each slice are all equal at the beginning, and that the 
indoor and outdoor temperatures remain constant. 

When the sun shines on this wall, most of the solar 
heat is absorbed in the first slice, fig 22, This raises 
the temperature of the first slice above that of the 
outdoor air and the second slice, causing heat to 
flow to the outdoor air and also to the second slice. 
Fig 23 The amount of heat flowing in either direc¬ 
tion depends on the resistance to heat flow within 
the wall and thru the outdoor air film The heat flow 
into the second slice, in turn, raises its temperature, 
causing heat to flow into the third slice. Fig, 24. 
This process of absorbing heat and passing some on 
to the next slice continues thru the wall to the last 
or 12th slice where the remaining heat is transferred 
to the inside by convection and radiation.. Tor this 
particular wall, it takes approximately 7 hours for 
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12" BRICK WALL, 


SUN . 
RAYS' 


SUN 

RAYS 


F©l©i®[©l©l©i©l©i®i©l 


Fig 22 — Solar Heai Absorbed in First Slice 


Fig 25 — Behavior of Absorbed Solar Heai during 
Second Time Inierval plus Additional Solar 
Heat Absorbed during This Interval 




20 Brij 


Fig 23 — Behavior of Absorbed Solar Heat 
during Second Time Interval 


20 aru 


308TU 




Fig 26 - Behavior of Absorbed Solar Heai during 
Third Time Interval plus Additional Solar Heai 
Absorbed during This Interval 




The solar heat absorbed at each time interval by 
the outdoor surface of the wall throughout the day 
goes thru this same process. Pigs 25 and 26 show the 
total solar heat flow during the second and third 
time intervals 

A rise in outdoor temperature reduces the amount 
of absorbed heat going to the outdoors and more 
flows thru the wall.. 

This same process occurs with any type of wall 
construction to a gr eater or lesser degr ee, depending 
on the resistance to heat flow thru the wall and the 
thermal capacity of the wall 


Fic 24 —■ Behavior of Absorbed Solar Heat 
during Third Time Interval 


>lar heat to pass thru the wall into the room, 
ecause each slice must absorb some heat before 
assing it on, the magnitude of heat released to 
iside space would be reduced to about 10% of that 
bsorbed in the slice exposed to the sun 
These diagrams do not account for possible 
hanges in solar intensity or outdoor temperature.. 


i 

i 
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NOTE: The thermal capacity of a wall or roof is 
the density of the material in the wall or 
roof, times the specific heat of the material, 
times the volume. 

This progression of heat gain to the interior may 
occur over the full 24-houi period, and may result 
in a heat gain to the space during the night. If the 
equipment is operated less than 24 hours, i.e either 
skipping the peak load requirement or as a routine 
procedure, the nighttime radiation to the sky and 
the lowering of the outdoor temperature may de¬ 
crease the transmission gain and often may reverse 
it. Therefore, the heat gain estimate (sun and trans¬ 
mission thru the roof and outdoor walls), even with 
-quipment operating less than 24 hours, may be 
evaluated by the use of the equivalent temperature 
data presented in Tables 19 and 20. 

Basis of Tables 19 and 20 

— Equivalent Temperature Difference for Sunlit and 
Shaded Walls and Roofs 

Tables 19 and 20 are analogue computer calcula¬ 
tions using Schmidt’s method based on the following 
conditions: 

1. Solar heat in July at 40° North latitude. 

2 Outdoor daily range of dry-bulb temperatures, 
20 deg F 

3 Maximum outdoor temperature of 95 F db and 
a design indoor temperature of 80 T db, i .e a 
design difference of 15 deg F.. 

4. Dark color walls and roofs with absorptivity 
of 0.90 For light color, absorptivity is 0 50; 
for medium color, 0 70. 

5 Sun time 

The specific heat of most construction materials 
is approximately 0.20 Btu/(Ib)(deg E); the thermal 
capacity of typical walls or roofs is proportional to 
the weight per sq ft; this permits easy interpolation 

Use of Tables 19 and 20 

— Equivalent Temperature Difference for Sunlit and 
Shaded Walls and Roofs 

The equivalent temperature differences in Tables 
19 and 20 are multiplied by the transmission coeffi¬ 
cients listed in Tables 21 thru 33 to determine the 
heat gain thru walls and roofs per sq ft of area dur¬ 
ing the summer The total weight per sq ft of walls 
and roofs is obtained by adding the weights per sq 
ft of each component of a given structure. These 
weights are shown in italics and parentheses in 
Tables 21 thru 33.. 


Example 1 — Equivalent Temperature Difference, Roof 
Given: 

A flat roof exposed to the sun, with built-up roofing li / 2 
in insulation, 3 in wood deck and suspended acoustical 
tile ceiling 

Room design temperature = 80 F db 
Outdoor design temperature — 95 F db 
Daily range = 20 deg F 

Find: 

Equivalent temperature difference at 4 p m July 
Solution: 

Wt/sq ft = 8+ 2 + 2= 12 lb/sq ft (J able 27, page 71) 

Equivalent temperature difference 
— 43 deg F (Table 20, interpolated) 

Example 2 — Daily Range and Design Temperature 
Difference Correction 

At times the daily tange may be more or less than 20 deg I; 
the difference between outdoor and room design temperatures 
may be more or less than 15 deg F The corrections to be 
applied to the equivalent temperature difference for combina 
tions of these two variables are listed in the notes following 
Tables 19 and 20 

Given: 

X he same roof as in Example 1 
Room design temperature = 78 F db 
Outdoor design temperature = 95 F db 
Daily range = 26 deg F 

Find: 

Equivalent temperature difference under changed conditions 
Solution: 

Design temperature difference = 17 deg F 
Daily range = 26 deg F 

Correction to equivalent temperature difference 
= —1 deg F (7 able 20A, interpolated) 

Equivalent temperature difference = 43 — I = 42 deg F 

Example 3 — Other Months and Latitudes 
Occasionally the heat gain thru a wall or roof must be known 
for months and latitudes other than those listed in Note 3 
following 7 able 20. This equivalent temperature difference is 
determined from the equation in Note 3 This equation ad¬ 
justs the equivalent temperature difference for solar radiation 
only Additional correction may have to be made for differ¬ 
ences between outdoor and indoor design temperatures other 
than 15 deg F Refer to Tables 19 and 20, pages 62 and 63, 
and to the correction Table 20A Corrections for these differ¬ 
ences must Ire made first; then the corrected equivalent 
temperature differences for both sun and shade must be 
applied in corrections for latitude 

Given: 

12 in. common brick wall facing west with no interior 
finish, located in New Orleans, 30° North latitude 

Find: 

Equivalent temperature difference in November at 12 noon. 
Solution: 

The correction for design temperature difference is as 
follows: 
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Example 3, contd 

Summer design dry-bulb for New Orleans 
= 95 r dl) (Table 1, page II) 

Winter design dry-bulb for New Orleans 
= 20 F db (Table I, page 11) 

Yearly range = 75 deg I 

Correction in outdoor design temperature for November 
and a yearly range of 75 deg f 
— — I5F (7 able 3,, page 19) 

Outdoor design dry bulb temperature in November at 3 p m 
= 95 — 15 = 80 F 


With an 80 F db room design the outdoor to indoor differ 
ence is 80 — 80 = 0 deg F 

Average daily range in New Orleans 
— 13 deg I (Table 1, page 11) 

The design difference of 0 deg f and a 13 deg F daily range 
results in a —11 5 deg F addition to the equivalent tempera¬ 
ture difference by interpolation in Table 20A 
Equivalent temperature differences for 12 in brick wall in 
New Orleans at 12 noon in November: 

At for west wall in sun 

em 

= 7 (Table 19) ~ 11 5 = - 4 5 deg F 


TABLE 19-EQUIVALENT TEMPERATURE DIFFERENCE (DEG F) 

FOR DARK COLOREDf, SUNLIT AND SHADED WALLS’* 


Based on Dark Colored Walls; 95 F db Outdoor Design Temp; Constant 80 Fdb Room Temp; 
20 deg F Daily Range; 24- hour Operation; July and 40° N Lat.f 


l EXPOSURE 

WEIGHT 

OF WALL t 
(lfa/sq ft) 
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Equation: Heat Gain Thru Walls, Btu/hr = (Area, sq ft) X (equivalent temp diff) X (transmission coefficient U, Tables 2 1 thro 25) 
*AII values are for both insulated and uninsulated walls 
fFor other conditions, refer to corrections on page 64 

{ Weight per sq ft' values for common types of construction are listed in Tables 21 thru 25 
For wall constructions less than 20 Ib/sq ft, use listed values of 20 Ib/sq ft.. 
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Af fjj for west wall in shade 

= 0f7a6/e 19) — 1 f 5 = — 1J 5 deg F 
No correction is needed for the time of day; this is ac¬ 
counted for in Table 19. 

The correction for different solar intensity is 


R s R, R 

At, = At ■+ -jt (At -AM = At + (\ - - \ A/ 

c (S R \ t»i e.$> R em ~ U R ) 


Wt/sq ft of wall = 120 Ib/sq ft (Table 21) 

Ai ps =—115 deg F as corrected ( 7 ables 19 and 20A) 
At gm =—4 5 deg F as corrected (Tables 19 and 20A) 
R s = i 16 Btu/hr (Table 15, page 4T) 

R m = 164 Btu/hr (Table 15, page 44) 

a '« =_115+ H?M 5 -(- U5 )l 

= — 65 deg F (November, 12 Noon) 


TABLE 20—EQUIVALENT TEMPERATURE DIFFERENCE (DEG F) 

FOR DARK COLOREDf, SUNLIT AND SHADED ROOFS* 


Based on 95Fdb Outdoor Design Temp; Constant 80 F db Room Temp; 20 deg F Daily Range; 
24-hour Operation; July and 40° N Lat .f 
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Equation: Heat Gain Thru Roofs, Btu/hr = (Area, sq ft) X (equivalent temp diff) X (transmission coefficient U, Tables 27 or 28) 


‘With attic ventilated and ceiling insulated roofs, reduce equivalent temp diff 25% 

For peaked roofs, use the roof area projected on a horizontal plane 
ffor other conditions, refer to corrections below and on page 64 

* Weight per sq ft values for common types of construction are listed in Tables 27 or 28 


TABLE 20A-CORRECTIONS TO EQUIVALENT TEMPERATURES (DEG F) 
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MINUS 
ROOM TEMP 


DAILY RANGE (deg F) 


(deg F) 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

-30 

-39 

m 

esa 


-43 

Ej 


-46 

sa 


-49 

-50 

-51 

-52 

-53 

-54 

-55 

-20 

-29 

ED 

El 


-33 

69 


-36 

Ea 


-39 

-40 

-41 

-42 

-43 

-44 

-45 

-10 

-19 

ED 

E 3 


-23 

B 9 


-26 

Kl 


-29 

-30 

-31 

-32 

-33 

-34 

-35 

0 

-9 

-10 

-n 

-12 

-13 

-14 

-15 

-16 

-17 

-18 

-19 

-20 

-21 

-22 

-23 

— 24 

-25 

5 

-4 

-5 


-7 

-8 

-9 


BI 

-12 


-14 

ra 

69 

-17 

-18 

-19 

-20 

10 

1 

0 


-2 

— 3 

-4 


BI 



-9 

DN 


-12 

-13 

-14 

-15 

15 

6 

5 


3 

2 

1 


BI 



-4 

E 9 

BI 

-7 

-8 

-9 

-10 

20 

11 

10 


8 

7 

6 

5 

IB 



1 

m 

-i 

—2 

-3 

-4 

-5 

25 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 


iVl 

3 

2 


0 

30 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 


5 

35 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 


10 

40 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

m 

15 


Air Conditioaine Company 





















































































































1-64 


PART 1. LOAD ESTIMATING 


Corrections to Equivalent Temperature Differences in 
Tables 19 & 20 for Conditions Other Than Basis of Table 
1 Outdoor Design Temperature Minus Room Temperature 

C ' realer °' U « lh ™ >5 deg F db, and/or Daily Range 
hr eater or less Than 20 deg P db: 

Add the corrections listed in Table 20A, where the outdoor 
design temperature (Table 1, page 10) minus the room or 
indoor design temperature (table 4, page 20) is different 
from 15 deg J db, or the daily range is different from the 
20 deg F dli on which Tables 19 and 20 are based 
This correction is to be applied to both equivalent tem¬ 
perature difference values exposed to sun and shaded walls 
or roof 

2 Shaded wails 

For shaded walls on any exposure, use the values of equiv¬ 
alent temperature difference listed for north (shade), cor¬ 
rected if necessary as shown in Correction 1 

3 Latitudes other than 40° North and for other months with 
different solar intensities Tables 19 and 20 values are ap- 

( roximately correct for the east or west wall in any latitude 
during the hottest weather In lower latitudes when the 
maximum solar altitude is 80° to 90° (the maximum occurs 
at noon), the temperature difference for either south or 
north wall is approximately the same as a north or shade 
wall See Table 18 for solar altitude angles v ' 

The temperature differential At e for any wall facing or roof 
and for any latitude for any month is approximated as 
follows: •-..V 




where 


At 


At. 


At. 


- equivalent temperature difference for month and 
time of day desired. 

= equivalent temperature difference for same wall or 
roof in shade at desired time of day, corrected if 
necessary for design conditions. 

t = equivalent temperature difference for wall or roof 
exposed to the sun for desired time of day, cor¬ 
rected if necessary for design conditions 
= maximum solar heat gain in Btu/(hr)(sq ft) thru 
glass for wall facing or horizontal for roofs, for 
month and latitude desired. Table 15, page 44, or 
7 able 6, page 29 - 

= maximum solar heat gain in Btu/(hr)(sq ft) thru 
glass for wall facing or horizontal for roofs, for 
July at 10° North latitude Table 15, page 44, or 
Table 6, page 29 

Example 3 illustrates the procedure. 

4. Light or medium color wall or roof 
Light color wall or roof: 


ft = 


At= At.. + 


30 


90 At es ) - 55 At em + .45 At ea 

Medium color wall or roof: 

At e = At e, ( Af e»» " Ai es > = 78 At^ + 22 At^ 
where: 

At e = equivalent temperature difference for color of wall 
or roof desired 


At ee ~ equivalent temperature difference for same wall or 
roof in shade at desired time of day. corrected if 
necessary for design conditions 

At em ~ equivalent temperature difference for wall or roof 
exposed to the sun for the desired time of day. cor¬ 
rected if necessary for design conditions. 

Note: Light color = white, cream, etc 

Medium color - light green, light blue, gray, etc. 
Dark color = dark blue, dark red, dark brown, etc. 

5 Other latitude other month, light or medium color walls 

or roof 

The combined formulae are: 

Light color walls or roof 


At e = 55 ^A^ + (l- 55 5 

Medium color walls or roof 


■) At 


6 For South latitudes, use the following exposure values from 
7 able 19: 


i South Latitude 
Northeast 
East 

•; ) Southeast 
South 

- - ’"’-Southwest 
West 

Northwest 
North (shade) 


Use Ex p osure Value 
Southeast 
East 

Northeast 
North (shade)’- Tij 
Northwest 
West 

Southwest 

South 


TRANSMISSION COEFFICIENT U 

Transmission coefficient or U value is the rate at 
which heat is transferred thru a building structure 
in Btu/(hr)(sq ft)(deg F temp cliff). The rate times 
the temperature difference is the heat flow thru the 
str ucture The reciprocal of the U value for any wall 
is the total resistance of this wall t Q the flow of heat. 
The total resistance of any wall to heat flow is the 
summation of the resistance in each component of 
the structure and the resistances of the outdoor and 
inside surface films The transmission coefficients 
listed in Tables 21 thru 33 have been calculated for 
the most common types of construction, 

Basts of Tables 21 thru 33 

~ transmission Coefficients U for Walls, Roofs, Partitions 
Ceilings, Floors, Doors, and Windows 

Tables 21 thru 33 contain calculated U values 
based on the resistance listed in Table 34, page 78. 
The resistance of the outdoor surface film coefficient 
for summer and winter conditions and the inside 
surface film is listed in Table 34 
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Note: The difference between summer and winter 

transmission coefficients for a typical wall 
is negligible For example, with a trans¬ 
mission coefficient of 0.3 Btu/(hr)(sq ft) (F) 
for winter conditions, the coefficient for 
summer conditions will be: 

1 Thermal resistance R (winter) of wall 


2 Outdoor film thermal resistance (winter) 

= 0 A1 (Table 34) 

3.. Thermal resistance of wall without outdoor air 
film (winter) = 3.33 — 0.17 = 3,16 

f Outdoor film thermal resistance (summer) 

= 0 25 (Table d) 

5 Thermal resistance of wall with outdoor air 
film (summer) = 3.16 + 0.25 =3.41 

6 Transmission coefficient U of wall in summer 


7 Difference between summer and winter trans¬ 
mission becomes greater with larger U values 
and less with smaller U values.. 


Use of Tables 21 thru 33 

— Transmission Coefficients U for Walls, Roofs, Partitions, 
Ceilings, Floors, Doors, and Windows 

The transmission coefficients may be used for cal¬ 
culating the heat flow for both summer and winter 
conditions for the average application. 


Example 4 — Transmission Coefficients 

Given: 

Masonry partition made of 8 in hollow clay tile, both sides 
finished, metal lath plastered on furring with y 4 in sand 
plaster 

F ind: 

Transmission coefficient 
Solution: 

Transmission coefficient U 

= 0 18 Btu/(hr)(sq £t)(deg F), Table 26, page 70 


Example 5 — Transmission Coefficient, Addition of 
Insulation AT: 

The transmission coefficients listed in Tables 21 thru JO do not 
include insulation (except for flat roofs. Table 27, page 71) 

Frequently, fibrous insulation or reflective insulation is in¬ 
cluded in the exterior building structure The transmission 
coefficient for the typical constructions listed in Tables 21 thru 
JO, with insulation, may be determined from Table Jl,page 75 

Given: '++ •Ti-ih. • -••• 

Masonry wall consisting of 4 in face brick, 8 in; .concrete 
cinder block, metal lath plastered on furling with y 4 in 
sand plaster and 3 in of fibrous insulation in the stud spade 
Find: . *■ • + 

Transmission coefficient. 

Solution: 

Refet to Tables 22 and Jl 
II value foi wall without insulation 
= 0 24 Btu/(hr)(sq ft)(deg F) 

U value for wall with insulation 
= 0 07 Btu/(hr)(sq ft)(deg F) 
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PART 1 LOAD ESTIMATING 


TABLE 2 1 TRANSMISSION COEFFICIENT U-MASONRY WALLS* 

FOR SUMMER AND WINTER 

Bfu/(hr) (sq ft) (deg F temp diff) 


All numbers in P°rentheses indicate weight per sq ft Total weight per sq f, is , m of wall and finishes 



Equations: Heat Gain, Btu/hr = (Area so ft) v III ^ ( 

Heat Loss Rtu/L _ l l , V , ' X {ec f u, '' alen ' temp diff Table 19) 

Hea, Los, Btu/hr - (Area sq ft) X (U value) X (outdoor temp - inside temp) 

‘For addition of insulation and air spaces to above walls, refer to Table 21. page 75 


1958 ASHAE Guide 
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TABLE 22-TRANSMISSION COEFFICIENT U —MASONRY VENEER WALLS* 

FOR SUMMER AND WINTER 

Btu/(hr) (sq ft) {deg F temp diff) 

All numbers in parentheses indicate weight per sq ft Total weight per sq ft is sum of wall and finishes 


EXTERIOR 

FINISH 



4" Face 
Brick (43) 

— or— 

A" Stone (50) 

—or— 

Precast 
Concrete 
(Sand Agg) 
4" & 6" 
(39) (58) 



INTERIOR FINISH 


A" Common 
Brick (40) 

— or— 

Precast 
Concrete 
(Sand Agg) 
8 " & 10 " 
(78) (98) 

— or — 

4" Concrete 

Block (23) 
(Sand Agg) 

— or— 

8" Stone (100) 


BACKING 

THICK¬ 

NESS 

(inches] 

and 

WEIGHT 
(lb per 
*q ft) 

None 

Gypsum 

Board 

(Plaster 

Board) 

(2) 

5 /s" 

Plaster 
on Wall 

Metal 

Lath 

Plastered 
on Furring 

3 A" 

Gypsum or 
Wood Lath 
Plastered 
on Furring 

Insulating 

Board 

Plain or 
Plastered 
on Furring 

Sand 

Agg 

(6) 

Lt Wt 
Agg 
(3J 

Sand 

Plasler(7) 

3 A" 

Lt Wt 
Plaster(3 

A" 

Sand 

Plasfer(7j 

'A" 

It Wt 
Plaster(2) 

Vi" 

Board 

(2) 

1" 

Board 

(4) 

Concrete 

4 120) 

41 

37 

39 

.35 

28 

26 

26 

25 

21 

16 

Block 

8 (37) 

.33 

30 

32 

29 

24 

22 

.23 

21 

..18 

14 

(Cinder Agg) 

12 (53) 

.31 

.29 

.30 

28 

.23 

.21 

.22 

.21 

.18 

.t4 


4 (17) 

.35 

32 

34 

31 

25 

23 

24 

22 

19 

15 

U (U Wt Agg) 

8 (32) 

30 

28 

.29 

27 

23 

21 

21 

20 

17 

.14 


12 (43) 

.28 

.26 

.27 

.25 

.21 

.20 

.20 

.19 

.17 

.13 

(Sand 

4 (23) 

.49 

44 

46 

41 

32 

29 

29 

27 

22 

17 

& Gravel 

8 (43) 

41 

37 

39 

.35 

.28 

26 

.26 

25 

21 

16 

Abb) 

12 (63) 

.38 

.35 

.37 

.33 

.27 

.25 

.25 

.24 

.20 

.15 

Hollow 

4 (16) 

41 

37 

39 

.35 

28 

26 

26 

25 

21 

16 

Clay Tile 

8 (30) 

31 

29 

30 

28 

23 

22 

.22 

21 

.18 

14 


12 (40) 

.26 

.25 

.25 

.24 

.20 

.19 

.19 

.18 

.16 

.13 

Concrete 

4 {26) 

35 

31 

34 

31 

.25 

.23 

.24 

22 

19 

15 

(U Wt Agg) 

6 (40) 

27 

..25 

27 

.25 

21 

20 

20 

19 

16 

13 

80 Ib/cu ft 

8 (54) 

.22 

.21 

.22 

.21 

.18 

.17 

.17 

.16 

.14 

.12 

(Sand & Gravel 

4 (47) 

60 

53 

56 

49 

36 

.32 

.33 

31 

25 

18 

Agg) 

6 (70) 

55 

49 

.52 

45 

34 

31 

32 

29 

.24 

17 


8 (95) 

.51 

.45 

.48 

.42 

.32 

.29 

.30 

.28 

.23 

.17 

Common Brick 

4 (40) 

.49 

.42 

46 

41 

32 

29 

.29 

27 

22 

16 


8 (80) 

.35 

.31 

.34 

31 

.25 

.23 

.24 

.22 

.19 

.15 

Concrete Block 

4 (20) 

36 

33 

35 

32 

26 

24 

24 

23 

19 

.15 

(Cinder Agg) 

8 (37) 

29 

28 

29 

26 

22 

21 

21 

20 

17 

14 


12 (53) 

.28 

.26 

.27 

.25 

.21 

.20 

.20 

.19 

.17 

.13 


4 (17) 

32 

.29 

30 

.28 

23 

22 

22 

21 

18 

14 

(If Wt Agg) 

8 (32) 

27 

26 

26 

25 

.21 

20 

20 

19 

17 

13 


12 (43) 

.25 

.24 

.25 

.23 

.20 

.19 

.19 

.18 

.16 

.13 

(Sand Si 

4 (23) 

42 

.38 

40 

36 

29 

26 

27 

25 

21 

16 

Gravel Agg) 

8 (43) 

36 

33 

35 

32 

26 

24 

24 

23 

.19 

15 


12 (63) 

.34 

.32 

.33 

.30 

.25 

.23 

.23 

.22 

.19 

.15 

Hollow Clay 

4 (16) 

36 

33 

35 

.32 

26 

24 

.24 

23 

19 

15 

Tile 

8 (30) 

28 

27 

.28 

26 

22 

20 

20 

19 

17 

.13 


12 (40) 

.24 

.23 

.23 

.22 

.19 

.18 

.18 

.17 

.15 

.12 

Concrete 

4 (26) 

32 

29 

30 

28 

23 

22 

22 

21 

.13 

.14 

(Lt Wt Agg) 

6 (40) 

25 

.23 

25 

23 

20 

18 

19 

18 

15 

13 

80 lb/eu ft 

8 (54) 

.21 

.20 

.20 

.19 

.17 

.16 

.16 

.16 

.14 

.11 

(Sand & 

4 (47) 

.50 

45 

48 

42 

32 

.29 

30 

28 

23 

.17 

Gravel Agg) 

6 (70) 

47 

.42 

44 

39 

31 

28 

29 

27 

22 

17 


8 (95) 

.43 

.40 

.41 

.37 

.29 

.27 

.28 

.26 

.2! 

.16 

Common Brick 

4 (40) 

42 I 

37 

40 

36 

29 

.26 

.27 

26 

21 

16 


8 (80) 

.32 i 

1 

■29 

.30 

.28 

.23 

.22 

.22 

.21 

.13 

.14 


Equations: Heat Gain, Btu/hr = (Area, sq ft) X (U value) X (equivalent temp diff, Table 19) 
Heot Loss, Btu/hr = (Area, sq ft) X (U value) X (outdoor temp — inside temp) 
*For addition of insulation and air spaces to walls, refer to Table 31, page 75 
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TABLE 23 TRANSMISSION COEFFICIENT U — LIGHT CONSTRUCTION, INDUSTRIAL WALLS*f 

FOR SUMMER AND WINTER 

Bfu/(hr) (sq ft) (deg F temp diff) 

All numbers In parentheses indicate weight per sq ft Total weight per sq ft is sum of wall and finishes 



‘For addition of air spaces and insulation to walls, refer to Table 31, page 75 

fValues apply when sealed with calking compound between sheets, and at ground and roof lines When sheets are not sealed, increase U factors by 10% 
These values may be used for roofs heat flow up-winter; for heat flow down-summer, multiply above factors by 0 8 



■f t 


TABLE 24-TRANSMISSION COEFFICIENT U—LIGHTWEIGHT, PREFABRICATED CURTAIN TYPE WALLS* 

FOR SUMMER AND WINTER 

Btu/(hr) (sq ft) (deg F temp diff) 

All numbers in parentheses indicate weight per sq ft Total weight per sq ft is sum of wall and finishes 



INSULATING CORE 
MATERIAL 


Glass, Wood, Cotton Fibers 
Paper Honeycomb 

Paper Honeycomb with Perlite Fill, Foamglas 
Fiberboard 

Wood Shredded (Cemented in Preformed Slobs) 
Expanded Vermiculite 


Vermiculite 
or Perlite 
Concrete 


density! 

(Ib/cu ft) 


3 

5 

9 

15 

22 

7 


METAL FACING (3) 


Core Thickness 


1 


20 

30 

40 

60 


21 

39 

29 

36 

31 

.34 


.44 

51 

58 

.69 


12 

23 

17 

21 

18 

.20 


08 

.17 

.12 

15 

.13 

.14 


27 

32 

.38 

.49 


19 

24 

29 

.38 


Equations: Heat Gain, 8 tu/hr = (Area, sq ft) X (U value) X (equivalent temp diff. Table 19) 

Heal Loss, Btu/hr = {Area sq ft) x (U value) X (outdoor temp - inside temp) 

‘For addition of insulation and air spaces to walls, refer to Table 31 .page 75 

+T|I , ... fl core density X core thickness 

fTotal weight per sq ft = - — -+ 3 ] b/sq ft 


.06 
13 
09 
12 
.10 
.11 


METAL FACING WITH 
Va" AIR SPACE (3) 


Core Thickness (in.) 


1 


15 

.19 

.23 

.31 


19 

32 

25 

29 

25 

.28 


.35 

..39 

43 

.49 


11 

.20 

.15 

19 

.16 

.18 


23 

27 

3! 

.38 


08 
.15 
.11 
.14 
12 
.13 


.18 

21 

25 

.31 


06 
12 
09 
11 
09 
.10 


.14 

.17 

20 

.26 














CHAPTER 5 HEAT AND WATLR VAPOR FLOW THRU STRUCTURES 


1-69 


TABLE 2 5 —TRANSMISSION COEFFICIENT U —FRAME WALLS AND PARTITIONS : 


FOR SUMMER AND WINTER 


Btu/(hr) (sq ft) (deg F temp diff) 

All numbers in parentheses indicate weight per sq ft Total weight per sq ft is sum of component materials 


STUDS EXTERIOfl FINISH; 


INTERIOR FINISH 



EXTERIOR FINISH 

1" Stucco (10) 

OR Asbestos 
Cement Siding (7) 
OR Asphalt 
Roll Siding (2) 

4" Face Brick 
Veneer (43) OR 
3 /i" Plywood (I) 
OR Asphalt 
Siding (2) 

Wood Siding (3) 
OR 

Wood Shingles (2) 
OR Wood 
Panels (3) 


SHEATHING 

None, Building Paper 

Ms" Plywood (I) or Vi" Gyp (2) 

%" Wood & Bldg Paper (2) 

'A" Insulating Board (2) 

25 Ai" Insulating Board (3) 

None, Building Paper 

Mi" Plywood (?) or Y%" Gyp (2) 

7S Ai" Wood & Bldg Paper (2) 

Vi" Insulating Board (2) 
ls Ai" Insulating Board (3) 

None, Building Paper 
Mi" Plywood (?) or Yx" Gyp (2) 
7! Aa" Wood & Bldg Paper 
Vi" Insulating Board (2) 

Insulating Board |3) 


Wood Shingles None, Building Paper 

Over Ms" Insul Mi" Plywood (?) or } A" Gyp (2) 
Backer Board (3) 7 Va" Wood & Bldg Paper 
OR Asphalt Vi" Insulating Board (2) 

Insulated Siding (4) 7, Ai" Insulating Board (3) 


Single Partition (Finish on one side only) 
Double Partition (Finish on both sides) 


y»" 

Gypsum 

Board 

(Plaster 


Metal 

Lath 

Plastered 


Vi' Gypsum 
or 

Wood Lath 
Plastered 


Insulating 

Board 

Plain 


Vl" 

Vi" 



S and 

Lt Wt 

Vi" j 

]" 

laster(7) 

Plaster(2) 

Board (2}| 

Board 

.40 

.37 

29 

20 

36 

.33 

26 

.19 

29 

27 

22 

17 

27 

.25 

21 

16 

.22 

.21 

.18 

.14 

36 

.33 

26 

19 

32 

.30 

24 

.18 

.27 

25 

2 ! 

16 

.25 

24 

..20 

.15 

.21 

.20 

.17 

.14 

.32 

30 

24 

18 

29 

27 

22 

.17 

24 

23 

19 

15 

23 

.22 

18 

14 

.19 

• 19 

.16 

.13 

27 

25 

.21 

16 

25 

23 

! 9 

15 

21 

.20 

17 

14 

20 

19 

16 

13 

.18 

.17 

.15 

.12 


1958 ASHAE Guide 

Equations: Walls—Heat Gain, Btu/hr = (Area, sq ft) X (U value) X (equivalent temp diff, Table 19) 

—Heat Loss, Btu/hr = (Area, sq ft) X (U value) X (outdoor temp—inside temp) 

Partitions, unconditioned space adjacent—Heat Gain or Loss, Btu/hr = (Area sq ft) X (U value) X (outdoor temp—inside temp — 5 F) 
Partitions, kitchen or boiler room adjacent—Heat Gain, Btu/hr = (Area sq ft) X (U value) 

X (actual temp diff or outdoor temp—inside temp + 15 F to 2 5 F) 

*For addition of insulation and air spaces to partitions, refer to Table 37, page 75 


Ait Conditioning Company 




;-X 
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TABLE 26-TRANSMISSION COEFFICIENT U-MASONRY PARTITIONS* 

FOR SUMMER AND WINTER 

Btu/(hr) (sq ft) (deg F temp diff) 

All numbers in parentheses indicate weight per Sq ft. Total weight per sq ft is sum of masonry unit and finish X 1 or 2 (finished one or both sides) 


RACKING 


THICK¬ 

NESS 

(inches) 

and 

WEIGHT 

(per 


Cinder Agg 


U Wt Agg 


Sand & Gravel 
Agg 



finished l Finished 


Vi" 

Gypsum 

Board 

(Plaster 

Board) 

( 2 ) 


Vs" 

Plaster 
on Wall 


Metal 

Lath 

Plastered 
on Furring 


V," 

Gypsum or 
Wood Lath 
Plastered 
on Furring 


Insulating 
Board 
Plain or 
Plastered 
on Furring 


HOLLOW CONCRETE 

BLOCK 3 (17) 45 

4 (20) 40~ 

JJL 8 (37) 32~ 

12 (53) IT 


Agg (6) Agg (3) P!aster(7) Plaster(3) Plaster(7) Plaster(2J Board(2) 8oard(4) 


3 (J 5) 38 

4 (17) Is 

8 (32) .30 

12 (43) ” 28” 

8 (43) 40 

12 (63) IT 



35 

One 

Both 

31 

One 

Both 

37 

One 

•/Both 

.33 

One 

Both 



24 

22 

.19 

.17 

23 

21 

18 

.16 

.27 

25 

.21 

.18 

25 

23 

.20 

.17 

22 

21 

.18 

.16 

21 

20 

.17 

.15 

.28 

26 

.21 

.19 

27 

25 

.21 

.18 

31 

.28 

.23 

.20 

.28 

.26 

.21 

.19 

25 

.23 

.20 

.17 

23 

.22 

18 

.16 



_ . „ .. , 1958 ASHAE Guide 

Equations: Part,Mans unconditioned space advent: Hect Gain or Loss Btu/hr = (Area, sq ft) X (U value) X (outdoor temp-inside temp-5 F), 
Partitions, kitchen or boiler room adjacent: Heat Gain or Loss, Btu/hr = (Area, sq ft) X (U value) 

X (actual temp diff or outdoor temp—inside temp + 1 5 F to 25 F). 

‘For addition of insulation and air spaces to partitions, refer to Table 31, page 75 


22 

16 

.14 

.10 

.20 

15 

.13 

.11 
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TABLE 27-TRANSMISSION COEFFICIENT U—FLAT ROOFS COVERED WITH BUILT-UP ROOFING* 


FOR HEAT FLOW DOWN —SUMMER FOR HEAT FLOW UP —WINTER (See Equation at Bottom of Page) 


Btu/(hr) (sq ft) (deg F temp diff) 


All numbers in parentheses indicate weight per sq ft Total weight per sq ft is sum of roof, finish and insulation 



- - . 










THICK- 










OF 



INSULATION ON TOP OF DECK, 

INCHES 



DECK 









TYPE OF DECK 

(inches) 

CEILING f 









and 

WEIGHT 


No 








(lb per 


Insu- 

Zi 

1 

1 Zi 

2 

2Zi 

3 


sq ft) 


lation 

(7) 

m 

(2) 

(3) 

(3) 

(4) 


1 (5) 

None or Plaster (6) 

67 

35 

.23 

18 

.15 

12 

10 



Suspended Plaster (5) 

.32 

22 

17 

14 

.12 

10 

09 



Suspended Acou Tile (2) 

.23 

.18 

.14 

.12 

.11 

.09 

.08 

Preformed Slab*—Wood 

2 (4) 

None or Plaster (6) 

.20 

16 

13 

.11 

.10 

.09 

.08 

Fiber and Cement Binder 


Suspended Plaster (5) 

15 

12 

11 

.09 

.08 

08 

.07 

INSULATION 


Suspended Acou Tile (2) 

.13 

.10 

.09 

.08 

.08 

.07 

.06 

/ROOFING -pply 

3 (7) 

None or Plaster (6) 

14 

.11 

10 

09 

.08 

..08 

07 

TILE 

Suspended Plaster (5) 

12 

10 

09 

.07 

07 

06 

05 



Suspended Acou Tile (2) 

.10 

.09 

.08 

.07 

.07 

.06 

.05 

Concrete 

4, 6,8 
47),(70), 

None or Plaster (6) 

.51 

30 

.21 

16 

.14 

12 

.10 

(Sand & Gravel Agg) 

Suspended Plaster (5) 

28 

20 

16 

13 

12 

.10 

.09 


(93) 

Suspended Acou Tile(2) 

.21 

.16 

.13 

.11 

.10 

.09 

.08 

(Ll Wl Agg on 

2 (9) 

None or Plaster (6) 

27 

20 

15 

.13 

11 

.10 

08 

Gyptum Board) 


Suspended Plaster (5) 

18 

.14 

12 

.10 

.09 

09 

.08 



Suspended Acou Tile (2) 

.15 

.12 

.11 

.09 

.08 

.08 

.07 

mm. mi -|.i | | |T] 

3 (73) 

None or Plaster (6) 

21 

.16 

13 

11 

.10 

09 

08 


Suspended Plaster (5) 

15 

12 

.11 

09 

08 

08 

07 



Suspended Acou Tile (2) 

.13 

.11 

.10 

.08 

.08 

.07 

.06 


4 (76) 

None or Piaster (6) 

17 

14 

.1 1 

10 

09 

08 

.07 


Suspended Plaster (5) 

13 

11 

.10 

08 

08 

07 

.06 



Suspended Acou Tile(2) 

.12 

.10 

.09 

.07 

.07 

.06 

.05 

Gypium Slab on Zi" 

2 (77) 

None or Plaster (6) 

32 

22 

.17 

14 

.12 

10 

09 

Gypsum Board 


Suspended Plaster (5) 

21 

.17 

13 

11 

10 

.09 

08 


Suspended Acou Tile (2) 

.17 

.13 

.12 

.10 

.09 

.08 

.07 









10 


/^ROOFING 

3 (75) 

None or Plaster (6) 

27 

.19 

15 

13 

.11 

.08 


Suspended Plaster (5) 

19 

.15 

13 

11 

.10 

09 

.08 



Suspended Acou Tile (2) 

.15 

.12 

.1 1 

.09 

.08 

.08 

.07 


4 (79) 

None or Plaster (6) 

23 

17 

14 

12 

.10 

.09 

08 

?EIL 1N S 


Suspended Plaster (5) 

17 

13 

12 

10 

.09 

.08 

07 



Suspended Acou Tile (2) 

.14 

.12 

.11 

.09 

.08 

.08 

.07 

Wood 

1 (31 

None or Plaster (6) 

40 

26 

19 

..15 

13 

11 

.09 



Suspended Plaster (5) 

24 

18 

..14 

..12 

.11 

09 

08 



Suspended Acou Tile (2) 

.19 

.15 

.13 

.11 

.10 

.08 

.07 










.^""HOOFING Af 

2 (5) 

None or Plaster (6) 

28 

20 

16 

.13 

..11 

..10 

.08 


Suspended Plaster (5) 

19 

15 

..13 

..1 1 

.10 

09 

.07 



Suspended Acou Tile (2) 

.16 

.13 

.11 

.10 

.09 

.08 

.07 

^gg-WOOO,^ 

3 (3) 

None or Plaster (6) 

21 

.16 

13 

..11 

10 

09 

08 



Suspended Plaster (5) 

16 

13 

.11 

09 

09 

08 

07 

1 


Suspended Acou Tile (2) 

.13 

.11 

.10 

.09 

.08 

.07 

.06 



Equations: Summer—(Heat Flow Down) Heat Gain, Btu/hr = (Area, sq ft) X (U value) X (equivalent temp diff. Table 20) 
Winter—(Heat Flow Up) Heat Loss Btu/hr = (Area, sq ft) X (U value X 1.1) X (outdoor temp—inside temp).. 
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*For addition of air spaces or insulotion to roofs, refer to Table 31, page 75. 

|For suspended Zi" insulotion board, plain ( 6) or with Zi" sand aggregate plaster (5) use values of suspended acou tile. 


§ 



Ail Conditioning Company 
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* . ( Up) Heat LoSS ' Bto/hr = (h0r,l0nt0 l projected area, $q ft) X (U value X 1 1} X (aufdoor temp - Inside temp). 

For oddition of air spaces or insulation for above roofs, refer to Table 31, page 75 
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TABLE 29 — TRANSMISSION COEFFICIENT U —CEILING AND FLOOR, (Heat Flow Up) 

Based on Still Air Both Sides, Btu/(hr) (sq ft) (deg F temp diff) 

All numbers in parentheses indicate weight per sq ft Total weight per sq ft is sum of ceiling and floor 


CONDITIONED 


MASONRY CEILING 


Not Furred 


Suspended or Furred 


UNCONDITIONED 

^^CEIUNG 

THICK¬ 

NESS 

(inches 

and 

WEIGHT 

None 

or 

Vi" 

Sand 

Plaster 

(5) 

'/V' 

Ll Wt 
Plaster 
(3) 

Acoustical 

Tile 

Glued 

Metal 

Lath 

Plastered 

Va" Gypsum 
or 

Wood Lath 
Plastered 

Insulating 
Board Plain or 
Vi" Sand Agg 
Plastered 

Acoustical Tile 
on Furring 
or 

Vi" Gypsum 

Vi" 

Tile 

(1) 

Va" 

Tile 

(1) 

%" 

Sand 

Plaster 

(7) 

Va" 

Lt Wt 
Plaster 
(3) 

Vi" 

Sand 

Plaster 

(5) 

’/V' 

Lt Wt 
Plaster 
(2) 

Vi" 

Board 

(2) 

1" 

Board 

(4) 

Vi" 

Tile 

(1) 

Va" 

Tile 

0) 

FLOOR 

CONCRETE 

SUBFLOOR 

(lb per 
sq ft) 



2 (79) 

70 

53 

38 

31 

43 

38 

44 

4 i 

.26 

19 

28 

24 



4 (39) 

63 

49 

36 

.30 

41 

36 

41 

38 

.25 

18 

26 

.23 

None 

Sand Agg 

6 (59) 

57 

45 

34 

28 

38 

34 

39 

36 

.24 

18 

25 

22 

or 


8 (79) 

52 

42 

.32 

27 

.36 

32 

37 

34 

23 

17 

.24 

21 

/a" Linoleum 


10 (99) 

.48 

.39 

.31 

.26 

.34 

.31 

.35 

.32 

.23 

.17 

.23 

.2! 

or 

Lt Wt Agq 

2 (75) 

48 

39 

31 

26 

.34 

31 

35 

32 

.23 

17 

23 

..21 

Floor Tile 

80 Ib/fP 

4 (28) 

35 

.30 

25 

22 

27 

25 

27 

.26 

19 

15 

20 

.18 



6 (47) 

.27 

.24 

.21 

.18 

.22 

.21 

.22 

.21 

.17 

.13 

.17 

.15 



2 (20) 

47 

39 

30 

.26 

33 

30 

33 

40 

22 

17 

23 

20 



4 (40) 

.44 

.36 

29 

25 

31 

28 

.32 

38 

.22 

.16 

22 

20 

’V, 6 " 

Sand Agg 

6 (50) 

41 

.34 

28 

24 

.30 

.27 

30 

36 

21 

16 

22 

19 



8 (80) 

.38 

33 

26 

.23 

28 

.26 

29 

.34 

.20 

.15 

21 

..19 

on Slab 


10 (700) 

.36 

.31 

.25 

.22 

.27 

.25 

.27 

.32 

.19 

.15 

.20 

.18 


Lt Wt Agg 

2 (76) 

36 

31 

.25 

22 

27 

25 

27 

32 

19 

15 

20 

18 


80 lb/ft J 

4 (29) 

.28 

.25 

21 

19 

22 

21 

23 

.26 

17 

13 

17 

16 



6 (42) 

.23 

.21 

.18 

.16 

19 

.18 

.19 

.21 

.15 

.12 

.15 

.14 



2 (22) 

32 

28 

23 

21 

31 

.28 

.32 

30 

.18 

.14 

18 

.17 

Floor Tile 


4 (42) 

.31 

27 

23 

20 

30 

27 

.30 

28 

.18 

14 

18 

17 

or 

Sand Agg 

6 (62) 

.29 

26 

22 

.19 

28 

26 

.29 

.27 

17 

14 

18 

16 

/a” Linoleum 


8 (82) 

28 

25 

.21 

19 

27 

.25 

27 

26 

17 

13 

17 

16 

on 


10 (102) 

.27 

.24 

.20 

.18 

.26 

.24 

.26 

.25 

.16 

.13 

.17 

.15 

Va" Plywood 

Lt Wt Agg 

2 (79) 

27 

24 

20 

18 

26 

24 

.26 

25 

.16 

13 

.17 

.15 

on 

80 Ib/fP 

4 (37) 

.22 

.20 

17 

16 

22 

.20 

22 

21 

14 

12 

15 

.14 

2"x2" Sleepers 


6 (44) 

.19 

.17 

.15 

.14 

.18 

.17 

.19 

.18 

.13 

.11 

.13 

.12 



2 (24) 

26 

mxm 

20 

18 

25 

23 

.25 

.24 

16 

13" 

16 

15 



4 (44) 

25 


.19 

17 

24 

22 

24 

23 

.16 

13 

16 

.15 

Va" Hardwood 

Sand Agg 

6 (64) 

.24 

21 

19 

17 

23 

21 

23 

22 

15 

.12 

16 

14 

on 


8 (84) 

.23 

21 

.18 

.16 

22 

21 

22 

.21 

15 

12 

15 

14 

ls /n" Subfloor 


10 (704) 

.22 

.20 

.17 

.16 

.21 

.20 

.22 

.21 

.14 

.12 

.15 

.14 

on 

U Wt Agg 

2 (20) 

22 

20 

mgm 

Worn 



22 

21 

.14 

.12 

15 

14 

2' x 2 Sleepers 

80 Ib/fP 

4 (33) 

.19 

.17 

RBI 

14 



.18 

18 

13 

11 

.13 

12 




.16 

.15 

mm 




.16 

.16 

.12 

.099 

.12 

.11 


CONDITIONED 


FRAME CONSTRUCTION CEILING 


Not Furred 


Suspended or Furred 




None 

Acoustical 

Tile 

Glued 

Metal 

Lath 

Plastered 

Vt Gypsum 
or 

Wood Lath 
Plastered 

Insulating 
Board Plain or 
Vi" Sand Agg 
Plastered 

Acoustical Tile 
on Furring 
or 

Va" Gypsum 


%" 

Tile 

0J 

Va" 

Sand 

Plaster 

(7) 

Va" 

It Wt 
Plaster 
(3) 

Vi" 

Sand 

Plaster 

(5) 

Vi" 

Lt Wt 
Plaster 
(2) 

Vi" 

Board i 
(2) \ 


Vi" 
Tile j 
(1) 

Va" 

Tile 

(t) 

FLOOR 

SUBFLOOR 


None 




74 

.59 

.61 

.54 

37 

24 

39 

31 

None 

Wood (2) 

45 

mSM 

.26 

31 

28 

29 

27 

22 

17 

23 

.20 


2" Wood (5) 

.27 

IBB 

.18 

.22 


.20 

.19 

.17 

.14 

.17 

.15 

Vi" Ceramic Tile 

7, /n" Wood (21) 

.38 

mm 


28 

26 

.26 

24 

20 

16 

21 

19 

on 1 Vi" Cement 

2" Wood (24) 

.24 

mtm 


.20 

.19 

.19 

.18 

.16 

.13 

.16 

.15 

Va "Hardwood Floor 





mm 








or Linoleum on 

JJ /i" Wood (5) 


24 

21 



.23 

.22 

.18 

..15 

mm 

17 

Va" Plywood 

2" Wood (7) 


.17 

.16 

SI 


.17 

.17 

.15 

.! 2 

mm 

.14 

Vs” Linoleum on 





SMI 



mm 


mm 

mm 

■HI 

Va" Hardbaard on 

“hi" Wood (5) 

.28 

21 

19 

lEfl 


21 



ES 

Mm 

■K 

Va" Insulating Board 

2" Wood (8) 

.20 

.16 

.15 

mm 



■n 


mm 

mm 

mum 


195a ASHAE Guide 

Equations: Heat flow up. Unconditioned space below: Heat Gain Btu/hr = (Area, sq ft) X (U value) X (outdoor temp — inside temp — 5 F) 

Kitchen or boiler room below: Heat Gain Btu/hr = (Area, sq ft) X (U value) 

X (actual temp diff, or outdoor temp — inside temp + 15 F to 25 F) 



A it Conditioning Company 
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TABLE 30 TRANSMISSION COEFFICIENT U-CEILING AND FLOOR, (Heat Flow Down) 

Based on Still Air Both Sides, Btu/(hr) (sq ft) (deg F temp diff) 

_ AM nUmbers in P°™* h '*** indicate weight per sq ft. Total weight per sq fr is sum of ceiling end floor. 


UNCONDITIONED 



MASONRY CEILING 


CONDITIONED 


FLOOR 


None 

or 

Va Linoleum 
or 

Floor Tile 


CONCRETE 

SUBFLOOR 


THICK¬ 

NESS 

(inches) 

and 

WEIGHT 
[lb per 
sq ft) 


No! Furred 


Sand Agg 


,3 /V' 

Wood Block 
on Slab 


U Wt Agg 
80 Ib/ft 3 


2 (19) 
4 (39) 
6 (59) 
8 (79) 
10 (99) 


2 (15) 
4 (28) 
6 (41) 


None 

or 

Vi" 

Sand 

Plasler 

(5) 


48 

44 

41 

39 

.36 


Sand Agg 


Lt Wf Agg 
80 lb/ft 3 


Floor Tile 
or 

Va" Linoleum 
on 

Va" Plywood 
on 

2 ' x 2" Sleepers 


Sand Agg 


Lt Wt Agg 
80 lb/ff 


2 ( 20 ) 

4 (40) 

6 (60) 

8 (80) 
10 ( 100 ) 
2 (16) 

4 (29) 

6 (42) 


36 

29 

.23 


2 ( 22 ) 
4 (42) 
6 (62) 

8 (82) 
10 ( 102 ) 


36 

33 

32 

30 

.29 


29 

23 

.20 



Va" Hardwood 
on 

3 Vn" Subfloor 
on 

2" x 2" Sleepers 


2 (19) 
4 (31) 
6 (44) 


33 

32 

30 

29 

.28 


Sand Agg 


Lf Wt Agg 
80 lb/ft 3 


2 (24) 
4 (44) 

6 (64) 

8 (84) 
10 (104) 


( 20 ) 

(33) 


28 
22 
■ 19 
26 
25 
24 
23 
.22 


Vi 

Lt Wt 
Plasler 

(3) 


43 

40 

37 

.35 

.34 


34 

.26 

■22 

33 

31 

29 

.28 

.27 


27 

22 

.19 


.31 

29 

28 

27 

.26 


26 

21 

.18 


.22 

.19 


25 

24 

.23 

22 

.21 


Acoustical 

Tile 

Glued 


Vi" 

Tile 

(7) 


Va" 

Tile 

(V 


.31 

30 

20 

27 

.26 


Suspended or Furred 


Meta! 

Lalh 

Plastered 


Va" 

Sand 

Plaster 

(7) 


Va" 

Lt Wt- 
Plaste 
(3) 


26 

21 

.18 


25 

24 

23 

23 

.22 


22 

..19 

.16 


24 

.23 

.23 

22 

.21 


21 

.21 

20 

19 

.19 


19 

.16 

.14 


21 

18 


18 

18 

.17 

17 

.16 


18 

16 


16 

14 


.32 

.31 

29 

28 

.27 


29 

28 

27 

26 

.25 


27 

22 

.19 


25 

21 

.18 


26 

25 

24 

23 

.22 


24 

23 

22 

22 

.21 


22 

19 

.16 


21 

18 

.16 


25 

24 

23 

22 

.21 


23 

22 

21 

21 

.20 


Vs" Gypsum 
or 

Wood Lath 
Plastered 


W 

Sand 

Plaster 

(5) 


Vi 

Lt Wt 
Plaster 
( 2 ) 


30 

28 

27 

26 

.25 


28 

27 

.26 

25 

.24 


Insulating 
Board Plain or 
Vi" Sand Agg 
Plastered 


Vi" 

Board 

( 2 ) 


Board 

(4) 


25 

21 

.18 


24 

20 

.17 


24 

23 

22 

22 

.21 


21 

..18 

.16 


23 

22 

22 

.21 

.20 


.23 
22 
21 
21 
_20 
20 " 
17 
■ 15 
22 
21 
.21 
.20 
.19 


23 

22 

21 

21 

.20 

20 

17 

.15 


. 17 
17 
16 
.16 
.15 


Acoustical Tile 
on Furring 
or 

Va Gypsum 


Vi" 

Tile 

(!) 


%* 

Tile 

(/) 


..15 

14 

.13 


20 

19 


■ 17 
" 17 
15 
.14 


15 

.15 

15 

.14 

.14 


23 

22 

.22 

21 

.20 


.20 

20 

19 

.19 

.18 


20 

17 

.15 


.18 

16 

.14 


.14 

13 


21 

18 

.16 


.20 

.17 

.15 


.20 

.20 

19 

19 

.18 


20 

19 

.18 

18 

.17 


18 

16 


17 

15 


20 

.17 

.15 


.20 

19 

19 

18 

.17 


19 

.17 

.15 

19 

18 

18 

17 

.17 


19 

18 


17 

.17 


15 

15 

14 

.14 

.13 


20 

.19 

.18 

18 

.17 


18 

.17 

17 

16 

.16 


.17 

.15 

.14 


17 

.15 


17 

.15 


17 
.15 
■ 13 
16 
16 
15 
15 
.14 


13 

12 

.11 


13 

13 

13 

12 

.12 


..20 
19 
.18 
18 
■ 17 
17 
.1.5 
.14 


16 

14 

.13 

17 

.17 

.16 

16 

.15 


15 

14 

.13 


14 

13 


12 

11 


17 

16 

16 

.15 

.15 


.15 

.15 

14 

14 

.14 


.15 

13 


.14 

12 


UNCO^IITIONEO^_ 


1 j | ■'* 

FRAME CONSTRUCTION CEILING 

| .14 .11 


Not Furred 

I Suspended or Furred 

JOISTS 

CONDITIONED'^* 


None 

Acou 

Ti 

_Gli 

isfical 

ile 

,ied 

Metal 

Lath 

Plastered 

Vs" Gypsum 
or 

Wood Lath 
Plastered 

Insulating 
Board Plain or 
Vi" Sand Agg 
Plastered 

Acoustical Tile 
on Furring 
or 


Vi" 
Tile i 

0 ) i, 

V," 

Tile 

(1) 

Va " 

Sand 

Plaster 

( 7 ) 

Va" 

I U Wt 
Plaster 
(3) 

Vi" 

Sand 
Plaster 
(5) 1 

Vi" 

Lt Wt 
Plaster 
(2) 

Vi" 

Board 

(2) 

1" 

Board 

(4) 

■A" 

Tile ; 
(1) 1 

Va" 

Tile 

0 ) 

FLOOR 

SUBFLOOR 

None 

None 

2 Vn" Wood (2) 

2" Wood (5) 

35 

.27 

25 22 

.18 .16 

.51 43 

26 .24 

-19 .17 

44 40 

.24 .23 

.18 .17 

31 

19 

.15 

.21 

15 

.12 

.31 

.20 

.15 

27 ‘ 
.17 

onl V%" Cement 

7 Va Wood (27) 

2" Wood (24) 

38 

.24 

18 .17 

-14 .13 

19 18 

.15 .14 

18 ..17 

.14 .14 

15 .12 

.12 .11 

15 14 

l Vi Hardwood Floor 
or Linoleum on 

Va" Plywood 

3 %i" Wood (5) 

2" Wood (7) 

33 

.22 

17 16 

.14 .13 

18 17 

.14 .13 

.17 16 

.13 .13 

14 12 

.12 .10 

14 13 

.12 .11 

!4 Hardboard on 

Va" Insulating Board 

1 Vn" Wood (5) 

2" Wood (S) 

29 

.20 

16 15 

.13 .12 

16 15 

.13 .12 

.16 15 

.13 .12 

13 11 

.11 .10 1 

14 .13 

-U .11 


1958 ASHAE Guide 


Equations: Heat flow dowm unconditioned space above: Heat Gain, Btu/hr = (Area, sq ft) X (U value) X (outdoor temp - inside temp - 5 F) 
. c en above: Hea, Gam, Btu/hr = (Area, sq ft) X (U value) X (actual temp diff. or outdoor temp - inside temp + 15 F to 25 F) 
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U Value 
Before 
Adding 
insul 
Wall, 
Ceiling, 
Roof 
Floor 


TABLE 31—TRANSMISSION COEFFICIENT U —WITH INSULATION & AIR SPACES 

SUMMER AND WINTER 

3tu/(hr) {sq ft) (deg F temp diff) 


Addition of Reflective Sheets to Air Space (Aluminum Foil Average Emissivity 

4 dd'n Direction of Heat Flow 

Addition of f l 

Fibrous Insulation ® lr 




17 

22 

•7 

21 

7 

20 

6 

.18 

6 

.17 



7 

08 

17 

07 

>6 

07 

6 

.06 

5 

.06 


.04 

14 

04 

13 

.04 

12 

03 

10 

.03 

.09 



1958 ASHAE Guide 


insulation 

Added 



Air 

Reflective Sheets 

Reflective Sheet 

Space 

Added to One or 

in 

Added 

Both Sides 

Air Space 




‘Checked for summer conditions for up down and horizontal heot flow Error from above values is less than 1% 



Air Conditioning Company 
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TABLE 32-TRANSMISSION COEFFICIENT U-FLAT ROOFS WITH ROOF-DECK INSULATION 

SUMMER AND WINTER 


Btu/(hr) (sq ft) (deg F temp diff) 


u VALUE OF ROOF 
BEFORE ADDING 

ROOF DECK 
INSULATION 


Addition of Roof-Deck Insulation 

Thickness (in ) 

7i 

I 

114 

2 

2)4 

3 

60 

50 

..40 

~ 33 

29 

.26 

22 

2! 

.19 

.17 

16 

.15 

14 

..14 

.13 

12 

12 
.1 1 

10 

10 

.09 

35 

30 

.25 

24 

21 

19 

18 

16 

.15 

.14 

13 

.12 

12 

12 

11 

.10 

10 

.09 

.09 

09 

.08 

20 

.15 

.10 

16 

12 

.09 

.13 

11 

.08 

11 

09 

.07 

10 

08 

.07 

i 

09 

08 

.06 

08 

.07 

.05 


TABLE 33-TRANSMISSION COEFFICIENT U-WINDOWS, SKYLIGHTS 
DOORS & GLASS BLOCK WALLS 

Btu/(hr) (sq ft) (deg F temp diff) 


GLASS 




Vertical Glass 

Horizontal Glass 

Single 

Double 

Triple 


Double PA") 

Air Space Thickness (in.) 










Summer 

1 Winter 

Without Storm Windows 
With Storm Windows 

1 13 

0.54 












DOORS 


Nominal Thickness 
of Wood (inches) 

U 

Exposed Door 

U 

With Storm Door 

I 

l 7a 

1 'A 

' 1 3 A 

0 69 

0 59 

0.52 

0.51 

0.35 

0 32 

0 30 

0.30 

2 

214 

3 

Glass (W Herculife) 

0 46 

0.38 

0 33 

1.05 

0.28 

0 25 

0 23 

0.43 


HOLLOW GLASS BLOCK WALLS 


__ Description* 

5 3 Ax5 3 . 4x3y*" Thick—Nominal Size 6x6x4 (M) 

7 3 Ax7 3 AxVA" Thick—Nominal Size 8x8x4 (74) 
i! 3 Ax) ] V*x2/i" Thick—Nominal Size 12x12x4 (16) 

7 3 Ax7 3 AxZ7t" Thick with glass fiber screen dividing the cavity ( 14 ) 
ll%x1 1 3 Ax2Vi" Thick with glass fiber screen dividing the cavity (16) 


U 


0 60 
056 
0 52 
0 48 
0.44 


Equation: Heat Gain or Loss, Btu/hr = (Area, sq ft) X (U value) X (outdoor temp - inside temp) 
Italicized numbers in parentheses indicate weight in lb per sq ft. 


1 958 ASHAE Guide 
























CHAPTER 5 HE 4 T AND WATER VAPOR FLOW THRU STRUCTURES 


1 - 


CALCULATION OF TRANSMISSION 
COEFFICIENT U 

Tor types of construction not listed in Table s 21 
thru 33, calculate the U value as follows: 

1 Determine the resistance of each component of 
a given structure and also the inside and out¬ 
door air surface films from Table 34 
2.. Add these resistances together, 

R — r i + r s 4- r, + ■■ . r rt 

3 Take the reciprocal, U — — 

R 

Basis of Table 34 

— Thermal Resistance R, Building and Insulating Materials 
Table 34 was extracted from the 1958 ASHAE 

Guide and the column “weight per sq ft” added 

Use of Table 34 

— Thermal Resistance R, Building and Insulating Materials 
The thermal resistances for building materials are 

listed in two columns.. One column lists the thermal 
resistance per inch thickness, based on conductivity, 
while the other column lists the thermal resistance 
for a given thickness or construction, based on con¬ 
ductance. 


Example 6 — Calculation of U Value 
Given: 

A wall as per Fig 27 



Tig 27 — Outdoor Wall 


Find: 


Transmission coefficient in summer 


Solution: 


Refer to 7 able 34 

Resistance 

Construction 

R 

I Outdoor air surface (7i/£ mph wind) 

0 25 

2 Stone facing 2 in (2 X 08) 

0 16 

3 Hollow clay tile. 8'' 

185 

4 Sand aggregate plaster, 2 in (2 X 20) 

0 40 

5 Inside air surface (still air) 

0.68 

Total Resistance 

3 34 


U = IT = T$f = 0 30 B«u/(hr)( S q ft)(deg F) 


Air Conditioning; Company 
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TABLE 34 THERMAL RESISTANCES R —BUILDING AND INSULATING MATERIALS 

(deg F per Btu) / (hr) (sq ft) 


MATERIAL 


BUILDING 

BOARD 

Boards, 

Panels, 

Sheathing, 

etc 


DESCRIPTION 

— 

THICK¬ 

NESS 

(in ) 

DENSITY 
(lb per 
cu ft) 

WEIGHT 
(lb per 
sq ft) 

RESISTANCE R 

Per Inch 
Thickness 

1 

k 

For Listed 
Thickness 

1 

c 

Asbestos-Cement Board 

1 






BUILDING 

PAPER 

WOODS 


MASONRr 

UNITS 



Gypsum or Piaster Board 

Gypsum or Piaster Board 

Plywood 

Plywood 

Plywood 

Plywood 

Plywood or Wood Panels 

Wood Fiber Board, Laminated or Homogeneous 


Wood Fiber, Hardboard Type 
Wood Fiber, Hardboard Type 
Wood, Fir or Pine Sheathing 
Wood, Fir or Pine 


Vapor Permeable Fell 

Vapor Seal, 2 Layers of Mopped 15 lb felt 

Vapor Seal, Plastic Film 


Maple, Oak, and Similar Hardwoods 
Fir, Pine, and Similar Softwoods 

Brick, Common 
Brick, Face 
Clay Tile, Hollow: 

1 Cell Deep 

1 Cell Deep 

2 Cells Deep 
2 Cells Deep 

2 Cells Deep 

3 Cells Deep 

Concrete Blocks, Three Oval Core 
Sand & Gravel Aggregate 


Vx 

V* 

'/4 

3 A 

'A 

3 A 


'A 

21 /a 

I s /. 


Cinder Aggregate 


Lightweight Aggregate 
(Expanded Shale, Clay, Slate or 
Slag,- Pumice) 


Gypsum Partition Tile: 
3 x 1 2"x30" solid 
3"x 12"x30" 4 cell 
4"xt2"x30" 3-cell 


Stone, Lime or Sand 


4 

4 

3 

4 
6 
8 

10 

J 2 

3 

4 
6 
8 

12 


120 

50 

50 

34 

34 

34 

34 

34 

26 

31 


65 

65 

32 

32 


45 

32 


3 

4 
6 
8 

12 


3 

4 

8 

12 


120 

130 

60 

48 

50 

45 

42 

40 

76 

69 

64 

64 

63 


68 

60 

54 

56 

53 


60 

52 

48 

43 


45 

35 

38 


5 50 


1.25 

1 58 

2 08 

0.71 
i 06 

1 42 

2 13 


1 35 

2 08 
4.34 


40 

43 

15 

16 
25 
30 
35 
40 


19 

23 

32 

43 

63 


17 

20 

27 

37 

53 


15 

17 

32 

43 


11 

9 

13 


0.25 


.25 


2.38 

2.00 


0 72 


0 03 
0 32 
0.45 

0.31 
0 47 
0 63 
0.94 


0 18 
0..98 
2.03 


091 

1.25 


0 06 
0 12 
Negl 


80 

44 

0 80 
t II 
1 52 
1.85 
2.22 
2.50 


0 40 
071 
0.91 
1.11 
1.28 


0 86 
1 11 
1 50 
1 72 
1.89 


1 27 
1.50 

2 00 

2.27 


1 26 
1.35 
1 67 


0.08 
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TABLE 34—THERMAL RESISTANCES REBUILDING AND INSULATING MATERIALS (Contd) 

(deg F per Btu) / (hr) (sq ft) 







RESISTANCE R 

MATERIAL 

i 

DESCRIPTION 

THICK¬ 

NESS 

(in.) 

DENSITY 
(lb par 
eu ft) 

-1 

WEIGHT 

(lb per 

*q ft) 

Per Inch 
Thickne** 

1 

k 

For Litted 
Thickness 

1 

c 


BUILDING MATERIALS, (CONT.) 


MASONRY 

Cement Mortar 


116 


0 20 


MATERIALS 

Gypsum-Fiber Concrete 8714% gypsum. 






Concretes 

12'A% wood chips 


5! 

— 

0.60 

— 


Lightweight Aggregates 


120 


0 19 



Including Expanded 


100 

_ 

0 28 



Shale, Cloy or Slate 


80 


0 40 



Expanded Slag; Cinders 


60 


0 59 



Pumice; Perlite; Yermiculife 


40 

, _ 

0.86 



Also, Cellular Concretes 


30 

_ 

1 It 





20 


1.43 

— 


Sand & Gravel or Stone Aggregate (Oven Dried) 


140 

— 

0 11 



Sand & Gravel or Stone Aggregate {Not Dried) 


140 


0.08 



Stucco 


116 

- 

0.20 


PLASTERING 

Cement Plaster, Sand Aggregate 


116 

__ 

0 20 


MATERIALS 

Sand Aggregate 

V* 

1)6 

48 


0 10 


Sand Aggregate 

Va 

116 

7.2 

— 

0.15 


Gypsum Piaster: 







Lightweight Aggregate 

'A 

45 

1 88 

— 

0 32 


Lightweight Aggregate 

Vt 

45 

2 34 

__ 

0.39 


light-weight Aggregate on Metal Lath 

Va 

45 

2 60 

_ 

0 47 


Perlite Aggregate 


45 


0 67 



Sand Aggregate 


105 

.__ 




Sand Aggregate 

'A 

105 

4 4 




Sand Aggregate 

V, 

105 

55 




Sand Aggregate on Metal Lath 

Va 

105 

66 




Sand Aggregate on Wood lath 


105 





Vermiculite Aggregate 


45 

- 

0.59 


ROOFING 

Asbestos-Cement Shingles 


120 





Asphalt Roll Roofing 


70 



0 15 


Asphalt Shingles 


70 


_ 

0 44 


Built-up Roofing 

Vt 

70 

2 2 

_ 



Slate 

'/z 

201 

84 


0 05 


Sheet Metal 







Wood Shingles 


40 

— 


0.94 

SIDING 

Shingles 






MATERIALS 

Wood, 16", 7'A" exposure 


_ 


.. 

0.87 

(On Flat Surface) 

Wood, Double, 16'', 12" exposure 


_ 

_ 

, , 

1.19 


Wood, Plus Insul Backer Board, 5 Ai" 


— 

- 

— 

1.40 


Siding 







Asbestos-Cement, Vi" lapped 


_ 

_ 

_ 

0.21 


Asphalt Roll Siding 



_ 

, , 

0,15 


Aspholt Insul Siding, 'A" Board 


_ 


_ 

1 45 


Wood, Drop, ]"x8" 


_ 

— 

__ 

0 79 


Wood Bevel, A" , lapped 


_ 

_ 

_ 

0 81 


Wood, Bevel, Va"x. 10", lapped 


_ 

— 


1 05 


Wood, Plywood, Vt", lapped 


— 

— 

— 

0.59 


Structural Glass 


— 

— 

— 

0.10 

FLOORING 

Asphalt Tile 

Vt 

120 

t 25 


0 04 

MATERIALS 

Carpet and Fibrous Pad 


_ 



2 08 


Carpet and Rubber Pad 


__ 



1.23 


Ceramic Tile 

1 

_ 

_ 


0 08 


Cork Tile 


25 

_ 

2 22 



Cork Tile 


25 

0 26 


0 28 


Felt, Flooring 


_ 



0.06 


Floor Tile 

y* 

_ 

_ 

_ 

0 05 


Linoleum 

'/. 

80 

0 83 

_ 

0.08 


Plywood Subfloor 

s /. 

34 

1 77 

_ 

0 78 


Rubber or Plastic Tile 

Vt 

110 

I 15 


0 02 


Terrazzo 

i 

140 

11.7 

_ 

0.08 


Wood Subfloor 

% 

32 

2 08 

_ 

0.98 


Wood, Hardwood Finish 

Va 

45 

2.81 

1 

0.68 
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TABLE 34 THERMAL RESISTANCES R BUILDING AND INSULATING MATERIALS (Contd) 

__ (^eg F per Btu) / (hr) (sq ft) 


MATERIAL 


DESCRIPTION 


THICK¬ 

NESS 

(in ) 


BLANKET AND BATT' 


INSULATING MATERIALS 


DENSITY 

(lb per 
■ eu ft) 


WEIGHT 
(lb per 
*9 ft) 


RESISTANCE R 

For Listed 
Thickness 


Cotfon Fiber 

Mineral Wool, Fibrous Form 

Processed From Rock, Slag, orGlass 


BOARD AND SLABS 




Wood Fiber . ,.. >_ > 

Wood F iber, Multi layer Stitched Expanded ' 
Gloss Fiber 


Wood or Cane Fiber 
^Acoustical -Tile" - 
Acoustical'Tile . . . .... 

Interior Finish (Tile, Loth, Plant) T 

Interior Finish (Tile, Loth, Plank)-.v'V X'-Tv: • ;!v - ‘ 

--_—- _ i 


Roof Deck.Slab 
Sheathing (Impreg or Coated)’- 


Sheathing (Impreg or Coated),^/. 

She athing (Impreg or Coaled) .T;.;. 


IsS^SlS 


;4 0'; 


'370 




3.6”I 

'h- -V 

4.00 

2T- . 

;-T-3.70 

T3iy 

' v 

; :, 4.00 




SSils 

mm M 

t SSMBL 

efimi 

: V'v — 

1 


‘,r>*r Aft 


■ -w, 

i iv 

ik-i.62-0 

- < t 





?<? 


; o/j 3 - 

3 6 q ? n 

'°°o 0g 0 °o s °^ 3 


HS 

99.00 

RECALLED 


% 


Oo 


7; 

y. 


o 


o 


99.00 
99.00 

c o Py PARIAN C SINGSQN 

36 21:04:49 4JUN2005 

/LEASE yiSIT AGAIN 
HYGIENIC REASONS 
JHANGE OF LINGERIE 


HEAT FLOW.. 

' ..v.Vr.V p (Winter) . 

£ C::irt/0.Op ;|Surdmer)i££iSf 

Down (Winter)-r ^ 

: Down (Winter) . ' 

• ■ Down (Winter)T Z 

; Down-(Winter) • 
hi'.; , Down (Summer) - 
,Dowri v(Summer) - ; : 

Down (Summer) | - -4 
Up (Winter) ■ - I ■ % .,4 
T vTp' ^°%IT;(Sum m er)jT'' ''*•- ’ ’’ ’ 
Horn. (Winter) 
i-v ; 'Hdriisxt'Stlmiwimr if ;•=$ 


m&t': 

- 4 . - 

00m 

IS&gfiB: 



i Horiz;;(Sum mer j'J : 

' ; 'HEAT ROW M 
“ p ' 

• • '. ; :H’r.Horizonton^T0,?: 

’ Down 
D°wn 

• Any v birection; :•>; 

Any: Direction!-; 


n-- 1 f 


.wmm 

■ 0 


„ .... 


' Jx35>7-^!'> V 






m ® 

iftett 

■:W0 85v-r; 

ii« 

/ ■, 0.99 ' ** 

U-: .°- 8 9 V 

i^O.86' T 






I ^T0.62 - 
%’s 0.76 


; e ,he InSU,a,i ° n f ° rmS ° bOUndar r (h! ^'y of on air space, refer to Table 31, page 75 


-T"Ti<n! 
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HEAT LOSS THRU BASEMENT WALLS AND 
FLOORS BELOW THE GROUND LEVEL 

The loss through the floor is normally small and 
relatively constant year round because the ground 
temperature under the floor Varies only a little 
throughout the year The ground is a very good heat 
sink and can absorb or lose a large amount of heat 
without an appreciable change in temperature at 
about the 8 ft level Above the 8 ft level, the ground 
temperature varies with the outdoor temperature, 
with the greatest variation at the surface and a de¬ 
creasing var iation down to the 8 ft depth. The heat 
loss thru a basement wall may be appreciable and it 
is difficult to calculate because the ground tempera¬ 
ture varies with depth. Table s 35 thru 37 have been 
empirically calculated to simplify the evaluation of 
heat loss thru basement walls and floors 

The heat loss thru a slab floor is large around 
the perimeter and small in the center.. This is be¬ 
cause the ground temperature around the perimeter 
varies with the outdoor temperature, whereas the 
ground temperature in the middle remains relatively 
constant, as with basement floors 

Basis of Tables 35 thru 37 

Heat Loss thru Masonry Floors and Walls in Ground 
Tables 35 thru 37 are based on empirical data. 
The perimeter factors listed in Table 36 were devel¬ 
oped by calculating the heat transmitted for each 
foot of wall to an 8 ft depth The ground was 
assumed to decrease the transmission coefficient, thus 
adding resistance between the wall and the outdoor 
air The transmission coefficients were then added to 
arrive at the perimeter factors. 

Use of Tables 35 thru 37 

— Heat Loss thru Masonry Floors and Walls in Ground 
The transmission coefficients listed in Table 35 
may be used for any thickness of uninsulated ma¬ 
sonry floors where there is good contact between the 
floor and the ground 

The perimeter factors listed in Table 36 are used 
for estimating heat loss thru basement walls and the 
outside strip of basement floors. This factor can be 
used only when the space is heated continuously. If 
there is only occasional heating, calculate the heat 
loss using the wall or floor transmission coefficients 
as listed in Tables 21 thru 33 and the temperature 
difference between the basement and outdoor air or 
ground as listed in Table 37 .. 

The heat loss in a basement is determined by add¬ 
ing the heat transferred thru the floor, the walls and 
the outside strip of the floor and the portion of the 
wall above the ground level.. 


Example 7 — Heat Loss in a Basement 

Given: 

Basement — 100' X 40' X 9' 

Basement temp — 65 F db, heated continuously 

Outdoor temp —0° F db 

Grade line — 6 ft above basement floor 

Walls and floors - 12 in concrete {80 lb/cu ft) 

Find: 

Heat loss from basement 
Solution: 

1 Heat loss above ground 

H = UA t (t b -t oa ) ' 

= 0 18 X (200 + 80) X 3 X (65 - 0) = 9828 Btu/hr 

2 Heat loss thru walls and outside strip of floor below 
ground 

= (200 + 80) X 1 05 X (65 - 0) = 19,100 Btu/hr 

3 Heat loss thru floor 

H = UA t (t h - t g ) 

= 0.05 X (100 X 40) X (65 - 55) = 2000 Btu/hr 

Iotal Heat loss =30,928 Btu/hr : 

where U = Heat transmission coefficient of wall above 
ground (Table 21) and floor (7able 3.5) in 
Btu/(hr) (sq ft) (deg F) 

A } — Area of wall above ground, sq ft 
A 2 = Entire floor area, sq ft 
L p — Perimeter of wall, ft 
Q - Perimeter factor (Table 36) 
t b = Basement dry bulb temp, F 
t g = Ground temp, F, (T able 37) 
t oa = Outdoor design dry-bulb temp, F 


TABLE 35-TRANSMISSION COEFFICIENT U— 
MASONRY FLOORS AND WALLS IN GROUND 

(Use only in conjunction with Table 36) 


>**■•*■ ,--*'^4 ,, . 

(/Floor or Wall f- '* 

- 

Transmission 
, r Co efficient ■ U 

T Bfu/[hr) (sq ft) (deg F) : . 

l ‘Basement Floor 


,‘V; ~ Portion of Wall 
exceeding ? 8 f 

Ipg^&^i^belqw ground level 

.08 


‘Some additional floor loss is included in perimeter factor, see Tab/e 36 
Equations: 

Heat loss through floor, Btu/hr =» (area of floor, sq ft) 

X (U value) X (basement — ground temp) 

Heat loss through wail below 8 foot line, Btu/hr 

= (area of wall below 8 ft line, sq ft) X (U value) 

X (basement — ground temp) 

NOTE: The factors in Tab/es 35 and 36 may be used for any thickness 
of uninsulated masonry wall or floor, but there must be a good contact 
(no air space which may connect to the outdoors) between the ground 
and the floor or wall. Where the ground is dry and sandy, or where 
there is cinder fill along wall or where the wail has a low heat trans¬ 
mission coefficient, the perimeter factor may be reduced slightly.. 
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TABLE 36-PERIMETER FACTORS 


FOR ESTIMATING HEAT LOSS 
AND OUTSIDE STRIP 


THROUGH BASEMENT WALLS 
OF BASEMENT FLOOR 


(Use only in conjunction with Table 35) 


Dislance of Floor 

From Ground Level 

Perimeter Factor 

(q) 

2 Feet above 

‘ ■— -- 

At ground level 

90 

2 Feet below 

60 

4 Feet below 

.75 

6 Feet below 

90 

9 Feel below 

1.05 


1.20 

equation: --- 


Heal loss abouf perimeter Btu/hr — f 

X (perimeter factor) * (SoL '» 


TABLE 37-GROUND TEMPERATURES 

FOg EST ' MAriNC BASEMENT FLOORS 


Outdoor Design Temp (F) 

|—■ 30 

1- 20 1 

l-I0j 

! o 

+ 10 

f+20 

Ground Temp (F) 1 

40 J 

□2 


-55 | 

60 

65 


IKANSMISSION COEFFICIENTS 
PIPES IN WATER OR BRINE 

Heat transmission coefficients fo, copper and steel 
Pipes are listed in Tables 38 and s/rhese coeffi 

c.en, a y be use{uI in appljcatiom 

water or b„ne storage systems and ice skating rinks 
Basis of Tables 38 and 39 

-Transmission Coefficients, Pipes in Water or Brine 

a heat r/* 'f ^ pipes in ™ter, based on 

‘'“ sJei fi,m coefficient, inside the pipe of 
50 Btu/(hr)(sq ft internal pipe surface)(deg FV ’ 

Table 39 is for pipes in water or brine based on a 

face) ‘“j! ° f 18 Bt “/(hi)(sq ft external p.pe sur- 

face) (deg F) rn water, 14 Btu in brine It is also based 

n a low rate of circulation on the outside of the 
ptpe and 10 F to 15 F temperature difference be 
tween water or brine and refrigerant High rates If 

“Xw " maeaS£ ‘ he transfer rate^For 
special problems, consult heat transfer reference 



TABLE 39 TRANSMISSION COEFFICIENT U-P.PES IMMERSED IN WATER OR BRINE 

B,U/W < B ~" * <*■»> ** F Between 3 2 F db and re fri s , emp) 


Copper Pipe 

Size 

(Inches O.D.) 

v"-1 

Pipes 

in 

Water 

Steel Pipe L • 
Nominal Size 
(Inches) 

Pipes 

in 

Wafer 

Pipes 

in 

* 

Y; 

24 

2 9 

3 5 

• A V 

% 

1 ' 

VA NT'..: 

4 0 

50 

3.1 

3.9 

— 'JL. 1 

5.3 

62 

7.8 

4.8 

6.1 
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WATER VAPOR FLOW THRU BUILDING 
STRUCTURES 

Water vapor flows thru building structures, re¬ 
sulting in a latent load whenever a vapor pressure 
difference exists across a structure The latent load 
from this source is usually insignificant in comfort 
applications and need be considered only in low or 
high dewpoint, applications 

Water vapor flows from high to lower vapor pres¬ 
sure at a rate determined by the permeability of 
the structure This process is quite similar to heat 
flow, except that there is transfer of mass with water 
vapor flow.. As heat flow can be reduced by adding 
insulation, vapor flow can be reduced by vapor bar¬ 
riers.. The vapor barrier may be paint (aluminum 
or asphalt), aluminum foil or galvanized iron It 
should always be placed on the side of a structure 
having the higher vapor pressure , to prevent the 
water vapor from flowing up to the barrier and con¬ 
densing within the wall 

Basis of Table 40 

— Water Vapor Transmission thru Various Materials 
The values for walls, floors, ceilings and partitions 
have been estimated from the source references listed 
in the bibliography. The resistance of a homogene¬ 
ous material to water vapor transmission has been 
assumed to be directly proportional to the thickness, 
and it also has been assumed that there is no surface 
resistance to water vapor flow. The values for per¬ 
meability of miscellaneous materials are based on 
test results 

NOTE: Some of the values for walls, roofs, etc., 


v- ! 
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have been increased by a safety factor be 
cause conclusive data is not available. 

Use of Table 40 

— Water Vapor Transmission thru Various Materials 
Table 40 is used to determine latent heat gain 
from water vapor transmission thru building struc¬ 
tures in the high and low dewpoint applications 
where the air moisture content must be maintained 


Example 8 — Water Vapor Transmission 
Given: 

A 40 ft X 40 ft X 8 ft laboratory on second floor requiring 
inside design conditions of 40 F db 50% rh, with the out¬ 
door design conditions at 95 F db, 75 F wb The outdoor 
wall is 12 inch brick with no windows The partitions are 
metal lath and plaster on both sides of studs Floor and 
ceiling are 4 inch concrete 

Find: 

The latent heat gain from the water vapor transmission. 
Solution: 

Gr/Ib at 95 F db, 75 F wb = 99 (psych chart) 

Gr/lb at 40 F db, 50% rh = 18 (psych chart) 

Moisture content difference = 81 gr/lb 
Assume that the dewpoint in the areas surrounding the lab¬ 
oratory is uniform and equal to the outdooi dewpoint 
Latent heat gain: 

40 X 8 

Outdoor wall = - X 81 X 04 (7able 40.) 

— 10 4 Btu/hr 

Floor and ceilings = 2 X — X 81 X 10 
40 X 8 

Partitions = 3 X -■ 1QQ X 81 X 10 


Total Latent Heat Gain 


= 259 Btu/hr 


777 Btu/hr 
1046 4 Btu/hr 
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PAR1 * I-OAD ESI 'I MATING 


TRANSMISS)on thru var|qus mat£ria[s 


permeance 

8tu/(hr) (100 jq fr} 
(gr/!b diff) latent heat 


DESCRIPTION OF MATERIAL OR CONSTRUCTION 


No Vapor 
Seal Unless 
Noted Under 
Description 


Brick— 4 inches 

— 8 inches 

— 12 inches 

_—per inch of fhieknes 

Concrete— 6 inches 
—12 inches 
—per inch of thickness 


WALLS 


With 2 Coats 
Vapor-seal 
Paint or> 
Smooth 
Inside 
Surface* 


With 
Aluminum 
Poil Mounted 
on One Side 
of Paper 
Cemented 
to Wall) 


Frame with plaster interior finish 

-same with aspha lt coated insulating board lath 


Tile-hollow day (face, glazed)-4 inches 
-hollow clay [eommon)-4 inches 
— ~ hQll0W d °y- 4 inch °nd 4 inch common 



Concrete—4 inches 
—8 inches 

- * f W °° d ° r me>g| lath joists-—double flooring 


12 

06 

04 

.49 

075 

046 

i ,033 

024 

020 

i 017 

067 

,034 

.40 

[ ,050 

-029 

i 

| 021 

016 

79 1 

— 

-- —— -- 

.42 | 

j 

.029 

.028 

013 j 

24 

012 

0091 

.012 

.oil 1 

025 

.0086 


Boar , d inch on bothddes of studding 
_Wood or metal lath and plaster on both sides of Adding 


Concrete—2 inches, plus 3 layer felt roofing 
s(| . . c '"‘i’?*' P ' us 3 la V er fe, I roofing 

wZ'r; tzgi -stc- -—-—« 

2 inches, plus 3 layer felt roofing 


Air Space, still air 3 s / t inch 
f inch 


Building Materials 
Masonite—! thickness, '/, ; nc h 
—5 thicknesses 
Plaster on wood lath 

plus 2 coats aluminum paint 
Plaster on gypsum lath 

—ditto plus primer and 2 coats lead nnd „;i • . 

Plywood—% !„* Do „ g , os fi , ( “” p| ' y 7‘ l °"* -<■»< 

ditto plus 2 coats asphalt paint 
-ditto plus 2 coats aluminum point 
— 16 inch Douglas fir (5 ply) 
ditto plus 2 coots asphalt paint 
u/ j P ,us 2 coaf s aluminum paint 

Wood-Pine ,508 inch P 

ditto plus 2 coats aluminum paint 
_—spruce, .508 inch 


insulating Materials 
Corkboard, 1 inch thick 
Interior finish insulating board, Vi" 

— ditto plus 2 coats water emulsion paint 
ditto plus 2 coats varnish base paint 
—ditto plus 2 coats lead and oil paint 
—ditto plus wall linoleum 
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TABLE 40-WATER VAPOR TRANSMISSION THRU VARIOUS MATERIALS (Contd) 


PERMEANCE 
Bfu/(hr) (100 sq ft) 
(gr/lb cfiff) latent heat 


DESCRIPTION OF MATERIAL OR CONSTRUCTION 


MISCELLANEOUS 



With 2 Coats 

No Vapor 

Vapor-seal 

Seal Unless 

Paint on 

Noted Under 

Smooth 

Description 

Inside 

Surface* 


With 
Aluminum 
foil Mounted 
on One Side 
of Paper 
Cemented 
to Wollf 


Insulating Materials, cont --*-- 

Insulating board lath 4 6-82 

—ditto plus Vi" plaster j 5 

—ditto plus Vt" plaster, sealer, ond flat coot of paint ] 6 _ 31 

Insulating board sheathing, 15 /n" 2 6 • 6 1 

— ditto plus asphalt coating both sides 044 . j 0 

Mineral wool (3 s /t inches thick), unprotected 3 5 

Packaging materials —-- 

Cellophane, moisture proof 0 ] .0 25 

Glassine (1 ply waxed or 3 ply plain) 00 15 . 0 O6 

Kraft paper soaked with parafin wax, 4 5 lbs per 100 sq ft 14 3 1 

n,of '' m _,_ .01 . .025 

Paint Films " “ ~ 

2 coats aluminum paint, estimated 05-2 

2 coats asphalt paint, estimated 0 5 . 1 

2 coats lead and oil paint, estimated j . ^ 

2 coats water emulsion, estimated 50-80 

Papers ” 

Duplex or asphalt laminae (untreated) 30 30-30, 3.1 lb per 100 sq ft 15 . 27 

—ditto 30-60-30,4 2 lb per 100 sq ft 05 ] „ q^j 

Kraft paper—1 sheet g j 

—2 sheets 5 j 

—aluminum foil on one side of sheet 014 

— aluminum foil on both sides of sheet 0]2 

Sheathing paper ~~ ~~ 

Asphalt impregnated and coated, 7 lb per 100 sq ft 02-10 

5laters felt, 6 lb per 100 sq ft, 50% saturated with tar 1.4 

Roofing Felt, saturated and coated with asphalt ~ ” 

25 lb per sq ft 015 

50 lb. per sq ft 01 j 

Tin sheet with 4 holes Ms diameter ]7 

Crock 12 inch es long by Va inches wide (approximated from above) 5.2 j 

TW ° C .t a,i f ° 9 r?° d T° P ° f 5eal P ainl on a '“'fa™ 9 ^e a fair vapor barrier More surface treatment is required on a rough 

surface than on a smooth surface Data mdicates that either asphalt or aluminum paint are good for vapor seals 

fAluminum Foil on Paper: This material should also be applied over a smooth surface and joints lapped and sealed with asphalt 
The vapor barr.er should always be placed on the side of the wall having the higher vapor pressure if condensation of moisture in wall is possible 

Thh P, ta^lTlo^n\houM 9 h in r dW V Q ZT walls may be neglected for the normal air conditioning or refrigeration job 

“ " 9 ! U °‘ d , be for a,r conditioning ,obs where there is a great vapor pressure difference between the room and the outside, 

particularly when the d®wpo,nf ms.de must be low Note that moisture gain due to infiltration usually is of much greater magnitude than moisture 
transmission through building structures 

Conversion Factors: To convert above table values to: grain/(hr) (sq ft) (inch mercury vapor pressure difference), multiply by 9.8. 

grain/(hr) (sq ft) (pounds per sq inch vapor pressure difference) multiply by 20.0 
To convert Btu latent heat to grains multiply by 7000/1060 = 6 6 


5.0 8.0 


.15 - 27 
.051 - .091 
8.1 
5.1 
.016 
.012 


.02 - .10 
1.4 
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CONDENSATION OF WATER VAPOR 

Whenever there is a difference of temperature and 
pressure of water vapor across a structure, conditions 
may develop that lead to a condensation of moisture 
This condensation occurs at the point of saturation 
temperature and pressure 

As water vapor flows thru the structure, its tem¬ 
perature decreases and, if at any point it reaches 
the dewpoint or saturation temperature, condensa¬ 
tion begins As condensation occurs, the vapor pres¬ 
sure decreases, thereby lowering the dewpoint or 
saturation temperature until it corresponds to the 
actual temperature The rate at which condensation 
occurs is determined by the rate at which heat is re¬ 
moved from the point of condensation.. As the vapor 
continues to condense, latent heat of condensation 
is released, causing the dry-bulb temperature of the 
material to rise 

To illustrate this, assume a frame wall with wood 
sheathing and shingles on the outside, plasterboard 
on the inside and fibrous insulation between the 
two Also, assume that the inside conditions are 75 F 
db and 50% rh and the outdoor conditions are 0°F 
db and 80% ih Refer to Fig 28 

The temperature and vapor pressure gradient 
decreases approximately as shown by the solid and 
dashed lines until condensation begins (saturation 
point) At this point, the latent heat of condensation 
decreases the rate of temperature drop thru the in¬ 
sulation This is approximately indicated by the 
dotted line. 

Another cause of concealed condensation may be 
evaporation of water from the ground or damp loca¬ 
tions This water vapor may condense on the under¬ 
side of the floor joints (usually near the edges where 


it is coldest) or may flow up thru the outdoor side 
of the walls because of stack effect and/or vapor 
pressure differences 


Concealed condensation may cause wood, iron 
and brickwork to deteriorate and insulation to lose 
its insulating value These effects may be corrected 
by the following methods: 

1 Provide vapor barriers on the high vapor pres¬ 
sure side. 


2 In winter, ventilate the building to reduce the 
vapor pressure within No great volume of air 
change is necessary, and normal infiltration 
alone is frequently all that is required. 

3 fn winter, ventilate the structure cavities to 
remove vapor that has entered Outdoor air 
thru vents shielded from entrance of rain and 
insects may be used.. 

Condensation may also form on the surface of a 
building structure. Visible condensation occurs when 
the surface of any material is colder than the dew¬ 
point temperature of the surrounding air.. In winter, 
the condensation may collect on cold closet walls 
and attic roofs and is commonly observed as frost on 
window panes Fig 29 illustrates the condensation 
on a window with inside winter design conditions of 
70 F db and 40% rh Point A represents the room 
conditions; point B, the dewpoint temperature of 
the thin film of water vapor adjacent to the window 
surface; and point C, the point at *hich frost or ice 




Once the temperature drops below the dewpoint, 
the vapor pressure at the window surface is also re¬ 
duced, thereby establishing a gradient of vapor pres¬ 
sure from the room air to the window surface This 
gradient operates, in conjunction with the convec- 



Fic 28 — Condensation Within Frame Wale. 
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Fig 29 — Condensation on Window Surface 


tive action within the room, to move water vapor 
continuously to the window surface to be condensed, 
as long as the concentration of the water vapor is 
maintained in a space.. 

Visible condensation is objectionable as it causes 
staining of surfaces, dripping on machinery and 
furnishings, and damage to materials in process of 
manufacture Condensation of this type may be cor¬ 
rected by the following methods: 

1 Increase the thermal resistance of walls, roofs 
and floors by adding insulation with vapor 
barriers to prevent condensation within the 
structures. 

2 Increase the thermal resistance of glass by in¬ 
stalling two or three panes with air space(s) 
between In extreme cases, controlled heat, 
electric or other, may be applied between the 
glass of double glazed windows. 

3. Maintain a room dewpoint lower than the low¬ 
est expected surface temperature in the room 
4 Decrease surface resistance by increasing the 
velocity of air passing over the surface Decreas¬ 
ing the surface resistance increases the window 
surface temperature and brings it closer to the 
room dry-bulb temperatuie 

Basis of Chart 2 

— Maximum Room RH; No Wall, Roof or Glass 
Condensation 

Chart 2 has been calculated from the equation 
used to determine the maximum room dewpoint 
temperature that can exist with condensation 

/ — f _ U(Cm Loa) 

'■dp L rnt ~T 

/ i 

where t dp — dewpoint temp of room air, F db 
t rm = room temp, F 
U — transmission coefficient, 

Btu/(hr)(sq ft)(deg F) 
t oa — outdoor temp, F 


fi = inside air film or surface conductance, 
Btu/(hi)(sq ft)(deg F) 

Chart 2 is based upon a room dry-bulb tempera¬ 
ture of 70 F db and an inside film conductance of 
1 .46 Btu/(hr)(sq ft)(deg F). 

Use of Chart 2 

— Maximum Room RH; No Wall, Roof or Glass 
Condensation 

Chart 2 gives a rapid means of determining the 
maximum room relative humidity which can be 
maintained and yet avoid condensation with a 70 F 
db room 

Example 9 — Moisture Condensation 
Given: 

12 in stone wall with s/ s in sand aggregate plaster 
Room temp — 70 F db 
Outdoor temp — 0° F db 

Find: 

Maximum room rh without wall condensation 
Solution: 

Transmission coefficient U - 0 52 Btu/(hr)(sq fc)(deg F) 

(7able 21, page 66) 

Maximum room rh — 40 05%, (Chart 2) 

Corrections in room relative humidity for room tempera 
tures other than 70 F db are listed in the table under 
Chart 2 Values other than those listed may be interpolated.. 

Example 10 — Moisture Condensation 
Given: 

Same as Example 9, except room temp is 75 F db 
Find: 

Maximum room rh without wall condensation 
Solution: 

Transmission coefficient U - 0 52 Btu/(hr)(sq ft)(deg F) 

(Example 9) 

Maximum room rh for 70 F db room temp = 40 05% 

(Example 9) 

Rh correction for room temp of 75 F db with U factor of 
0.52 = — 1 57% (bottom Chart 2) 

Maximum room rh = 40 05 - 1 57 = 38 48% or 38 5% 
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WALL, ROOF OR GLASS TRANSMISSION COEFFICIENT 
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CHART 2-MAXIMUM ROOM RELATIVE HUMIDITY WITHOUT CONDENSATION 

NO WALL, ROOF OR GLA5S CONDENSATION 


CORRECTION IN ROOM RH (%} 

For Wall, Roof or Glass Transmission Coefficient U 


Outdoor 

Temp 


Room Temp (F cfb) 


— 30 

— 20 
— 10 

0 

10 

20 

30 

40 


+ 10 % 
+ 1.0 
+ 20 
+ 3 5 
+ 50 
+7 0 
+ 90 
+ 12.0 


-+o% 

-1.5 
— 20 
-2 5 
-35 
-4.0 
-7.5 
-9.5 


+ 15 % 
+2 5 
+ 3 5 
+4 0 
+ 50 
+65 
+8.5 
+9.5 


-2 0 % 

-25 

-3.0 

-40 

- 4.5 

-50 

-60 

-7.5 


+ 25% 
+ 30 
+30 
+ 35 
+ 4 0 
+ 4.5 
+5 0 
+ 6.0 


- 2 . 0 % 
-20 
-2 0 
-25 
— 3.0 
-3.5 
-4.0 
-4,5 
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CHAPTER 6. INFILTRATION AND VENTILATION 


The data in this chapter is based on ASHAE tests 
evaluating the infiltration and ventilation quantities 
of outdoor air.. These outdoor air quantities nor¬ 
mally have a different heat content than the air 
within the conditioned space and, therefore, impose 
a load on the air conditioning equipment 

In the case ol infiltration, the load manifests itself 
directly within the conditioned space The ventila¬ 
tion air, taken thru the conditioning apparatus, 
imposes a load both on the space thru apparatus 
bypass effect, and directly on the conditioning 
equipment 

The data in this chapter is based on ASHAE tests 
and years of practical experience 

INFILTRATION 

Infiltration of air and particularly moisture into 
|k a conditioned space is frequently a source of sizable 

Heat gain or loss The quantity of infiltration air 
varies according to tightness of doors and windows, 
porosity of the building shell, height of the build¬ 
ing, stairwells, elevators, direction and velocity of 
wind, and the amount of ventilation and exhaust 
air Many of these cannot be accurately evaluated 
and must be based on the judgment of the estimator. 

Generally, infiltration may be caused by wind 
velocity, or stack effort, or both: 

1 Wind Velocity —- The wind velocity builds up a 
pressure on the windward side of the building 
and a slight vacuum on the leeward side The 
outdoor pressure build-up causes air to infil¬ 
trate thru crevices in the construction and 
cracks around the windows and doors. This, in 
turn, causes a slight build-up of pressure inside 
the building, resulting in an equal amount of 
exfiltration on the leeward side 

2 Difference in Density or Stack Effect — The 
variations in temperatures and humidities pro¬ 
duce differences in density of air between inside 
and outside of the building In tall buildings 
this density difference causes summer and win¬ 
ter infiltration and exfiltration as follows: 

Summer — Infiltration at the top and exfil¬ 
tration at the bottom 

Winter — Infiltration at the bottom and 
exfiltration at the top. 


This opposite direction flow balances at some 
neutral point near the mid-height of the build¬ 
ing. Air flow thru the building openings in¬ 
creases proportionately between the neutral 
point and the top and the neutral point and 
bottom of the building The infiltration from 
stack effect is greatly influenced by the height 
of the building and the presence of open stair¬ 
ways and elevators. 

The combined infiltration from wind velocity and 
stack effect is proportional to the square root of the 
sum of the heads acting on it 

The increased air infiltration flow caused by stack 
effect is evaluated by converting the stack effect 
force to an equivalent wind velocity, and then calcu 
lating the flow from the wind velocity data in the 
tables __ 

In buildings over 100 ft tall, the equivalent wind 
velocity may be calculated from the following for¬ 
mula, assuming a temperature difference of 70 F db 
(winter) and a neutral point at the mid-height of 
the building: 

V t = V V 3 — 1 75a (for upper section of tall 

bldgs — winter) (1) 

V e — y/ V 3 + 1..75 b (for lower section of tall 

bldgs — winter) (2) 

where V e = equivalent wind velocity, mph 

V = wind velocity normally calculated 
for location, mph 
a = distance window is above mid 
height, ft 

b — distance window is below mid- 
height, ft 

NOTE: The total crackage is considered when 
calculating infiltration from stack effect 

INFILTRATION THRU WINDOWS AND DOORS, SUMMER 

Infiltration during the summer is caused primarily 
by the wind velocity creating a pressure on the wind¬ 
ward side Stack effect is not normally a significant 
factor because the density difference is slight, (0.073 
Ib/cu ft at 75 F db, 50% ih and 0 070 Ib/cu ft at 
95 F db, 75 F wb) This small stack effect in tall 
buildings (over 100 ft) causes air to flow in the top 
and out the bottom Therefore, the air infiltrating 
in the top of the building, because of the wind 
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pressure, tends to flow down thru the building and 
out the doors on the street level, thereby offsetting 
some of the infiltration thru them 

In low buildings, air infiltrates thru open doors 
on the windward side unless sufficient outdoor air is 
introduced thru the air conditioning equipment to 
offset it; refer to “Offsetting Infiltration with Out¬ 
door Air.” 

With doors on opposite walls, the infiltration can 
be considerable if the two are open at the same time 

Basis of Table 41 

— Infiltration thru Windows and Doors, Summer 

The data in Tables 41a, b and c is based on a 
wind velocity of 7.5 mph blowing directly at the 
window or door, and on observed crack widths 
around typical windows and doors. This data is 
derived from Table 44 which lists infiltration thru 
cracks around windows and doors as established bv 
ASHAE tests 

Table 41 d shows values to be used for doors on 
opposite walls for various percentages of time that 
each door is open 

The data in Table 41e is based on actual tests of 
typical applications. 


i ruAU hti i I MATING 


Use of Table 41 

— Infiltration thru Windows and Doors, Summer 

The data in Table 41 is used to determine the 
infiltration thru windows and doors on the wind¬ 
ward side with the wind blowing directly at them 
When the wind direction is oblique to the windows 
or doors, multiply the values in Tables 41a, b, c, d, 
by 0 60 and apply to total areas. For specific'loca¬ 
tions, adjust the values in Table 41 to the design 
wind velocity; refer to Table 1, page 10 

During the summer, infiltration is calculated for 
the windward side(s) only, because stack effect is 
small and, therefore, causes the infiltration air to 
flow in a downward direction in tall buildings 
(over 100 ft). Some of the air infiltrating thru the 
windows will exfiltrate thru the windows on the 
leeward side(s), while the remaining infiltration air 
flows out the doors, thus offsetting some of the infil¬ 
tration thru the doors. To determine the net infil¬ 
tration thiu the doors, determine the infiltration 
thru the windows on the windward side, multiply 
this by 80, and subtract from the door infiltration 
For low buildings the door infiltration on the wind¬ 
ward side should be included in the estimate 


TABLE 4Io—DOUBLE HUNG WINDOWSf 


TABLE 41 —INFILTRATION THRU WINDOWS AND DOORS-SUMMER* 

hung wiNDOWSf ? 5 m ph Wind Velocity! 


DESCRIPTION 


Average Wood Sash 
Poorly Fitted Wood Sash 
i, Metal Sash 

TABLE 41b—CASEMENT TYPE WiNDOWSf 


DESCRIPTION 


Rolled Section—Steel Sash 


Industrial Pivoted 


Architectural Projected 


Residential 


Heavy Projected 


Hollow Metal—Vertically Pivoted 


CFM PER SQ FT SASH AREA 


s 

mall— 30" x 72" ' ! 

No W-Strip 

W-Strip 

Storm Sash 

.43 

26 

22 

J 20 

37 

60 

.80 

.35 

.40 


Large —54" x 96" 
W-St rip 

..17 

.24 

.22 


Storm Sash 


CFM PER SQ FT SASH AREA 
Percent Openable Area 



ROLLED SECTION STEEL SASH WINDOWS 






.NIICCTUSAL RESIDENTIAL REAVr 

ROJECTEO CASEMENT CASEMENT 

SECTION 
PROJECTEO 

REPRESENTATIVE TYPES OF WINDOWS 

(VIEWED FRCU OUTSIDE) 
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TABLE 41—INFILTRATION THRU WINDOWS AND DOORS—SUMMER* (Contd) 

7 5 mph Wind Velocity! 

TABLE 41c—DOORS ON ONE OR ADJACENT WAILS, FOR CORNER ENTRANCES 


DESCRIPTION 

CFM PER SQ FT AREA** 

CFM 

No Use 

Average Use 

Standing Open 

No Vestibule 

Vestibule 

Revolving Doors—Normal Operation 

.8 

52 

— 

— 

Panels Open 

— 

— 

1,200 

900 

Glass Door—^ 4 " Crack 

4.5 

10.0 

700 

500 

Wood Door (3'x 7') 

1.0 

6.5 

700 

500 

Small Factory Door 

75 

6.5 

— 

— 

Garage 4 Shipping Room Door 

2 0 

4.5 


— 

Ramp Garage Door 

2.0 

6.75 

- 

— 


TABLE 41d—SWINGING DOORS ON OPPOSITE WALLS 



% Time 

2nd Door 
is Open 


CFM 

PER PAIR OF DOORS 


% Time 1st Door is Open 

10 

25 

50 

75 

100 



10 

100 

250 

500 

750 

1,000 



25 

250 

625 

1250 

1875 

2,500 



50 

500 

1250 

2500 

3750 

5,000 



75 

750 

1875 

3750 

5625 

7,500 


1 

100 

1000 

2500 

5000 

7500 

10,000 



TABLE 41e—DOORS 


APPLICATION 

CFM PER 

PERSON IN ROOM PER DOOR 

77? Revolving Door 

36" Swinging Door 

No Vestibule 

Vestibule 

Bank 

6 5 

80 

6.0 

Barber Shop 

40 

5.0 

38 

Candy and Soda 

55 

7.0 

5.3 

Cigar Store 

20.0 

30.0 

22.5 

Department Store (Small) 

6 5 

8.0 

6 0 

Dress Shop 

2 0 

2 5 

19 

Drug Store 

5 5 

7 0 

53 

Hospital Room 

— 

3.5 

2.6 

Lunch Room 

4.0 

5..0 

3.8 

Men's Shop 

27 

37 

2.8 

Restaurant 

2.0 

2.5 

1.9 

Shoe Store 

2.7 

3.5 

2.6 


*AII values in Table 41 are based on the wind blowing directly at the window or door When the wind direction is oblique to the window or door, multiply 
the above values by 0 60 and use the total window and door area on the windward side(s).. 
fBased on a wind velocity of 7.5 mph For design wind velocities different from the base, multiply the above values by the ratio of velocities 
^Includes frame leakage where applicable 

**Vestibules may decrease the infiltration as much as 30% when the door usage is light When door usage is heavy the vestibule is of little value for 
reducing infiltration. 


Example 1 — Infiltration in Tall Buildings, Summer 
Given: 

A 20-stor) building in New York City oriented true north 
Building is 100 ft long and 100 ft wide with a floor to-floor 
height of 12 ft Wall area is 50% residential casement 
windows having 50% fixed sash. There are ten 7 ft x 3 ft 
swinging glass doors on the street level facing south 


find: 

Infiltration into the building thru doors and windows 
disregarding outside air thru the equipment and the exhaust 
air quantity. 

Solution: 

The prevailing wind in New York City during the summer 
is south, 13 mph (7able 1, page 10) 


Air Conditioning Company 
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P\RT 1 LOAD ESTIMATING 


Correction to I able 1 values for wind velocity 
= 13/75 — I 73 

Glass area on south side 

= 20 X 12 X 100 X 50 — 12,000 sq ft 

Infiltration thru windows 

= 12,000 X .49 X 1 73 = 10,200 cfra (Table 41b) 

Infiltration thru doors 

= 10 X7X3X 10 X1 73 = 3640 cfra (Table 41c) 

Since this building is over 100 ft tall, net infiltration thru 
doors = 3640 - (10,200 X 80) = — 4520 cfra 
Therefore, there is no infiltration thru the doors on the 
street level on design days, only exfittration 

OFFSETTING INFILTRATION WITH OUTDOOR AIR, 
SUMMER 

Completely offsetting infiltration by the introduc¬ 
tion of outdoor air thru the air conditioning appara¬ 
tus is normally uneconomical except in buildings 
with few windows and doors The outdoor air so 
introduced must develop a pressure equal to the 
wind velocity to offset infiltration. This pressure 
causes exfiltration thru the leeward walls at a rate 
equal to wind velocity.. Therefore, in a four sided 
building with equal crack areas on each side and 
the wind blowing against one side, the amount of 
outdoor air introduced thru the apparatus must be 
a little more than three times the amount that infil¬ 
trates. Where the wind is blowing against two sides, 
the outdoor air must be a little more than equal to 
that which infiltrates 

Offsetting swinging door infiltration is not quite 
as difficult because air takes the path of least resist¬ 
ance, normally an open door Most of the outdoor 
air introduced thru the apparatus flows out the door 
when it is opened Also, in tall buildings the window 
infiltration tends to flow out the door 


The infiltration thru revolving doors is caused by 
displacement of the air in the door quadrants, is 
almost independent of wind velocity and, therefore, 
cannot be offset by outdoor' air .. 

Basis of Table 42 

— Offsetting Swinging Door Infiltration with Outdoor Air, 
Summer 

Some of the outdoor air introduced thru the ap¬ 
paratus exfiltrates thru the cracks around the win¬ 
dows and in the construction on the leeward side. 
The outdoor air values have been increased by this 
amount for typical application as a result of ex¬ 
perience 
Use of Table 42 

— Offsetting Swinging Door Infiltration with Outdoor Air, 
Summer 

Table 42 is used to determine the amount of out¬ 
door air thru air conditioning apparatus required 
to offset infiltration thru swinging doors. 

Example 2 - Offsetting Swinging Door Infiltration 
Given: 

A restaurant with 3000 cfra outdoor air being introduced 
thru the air conditioning apparatus Exhaust fans in the 
kitchen remove 2000'cfra Two 7 ft x 3 ft glass swinging 
doors face the prevailing wind direction At peak load condi¬ 
tions, there are 300 people in the restaurant. 

Find: 

The net infiltration thru the outside doors 
Solution: 

Infiltration thru doors = 300 X 2 5 = 750 cfra (Table 41e) 

Net outdoor air = 3000 “ 2000 = 1000 cfm 

Only 975 cfm of outdoor air is required to offset 750 cfra of 

door infiltration (Table 42) 

Therefore, there will be no net infiltration thru the outside 
doors unless there are windows on the leeward side If 
there are windows in the building, calculate as outlined 
in Example 1 


TABLE 42—OFFSETTING SWINGING DOOR INFILTRATION WITH OUTDOOR AIR-SUMMER 


•If Net Outdoor AirT(cfm) 

Door Infiltration {cfm] 

( Net Outdoor';Air-T-(cf m ) 

•W-*-'Door Infiltration (cfm) 

; • ' , 410 K 7 \ ‘ 

530 ; T 
' 660 

; • • •• •100 

T ,.-200 ; : ... 

„•:•. '300 ,.r •'••:':'•>.?.• 

* . ■ ' ■ ■•■•<•' • Sf-'A 

:;V 400 C 

' 500 ” 

1370 _ 

,1 480 
‘ 1560 

- ' 1670 V; 

j T > . ■-'•v*Va"Tv*' i x'-’" : ' 

• noo • 

: ,/.'T,'-'.12Qo:'-' '.• 

.1 - , 1 c 

300 (T/T • 

>iV V 1400'' ‘ 

. 1500 - 

790 : : ■ : 

; ' 92 O~ r \0 '—' : 

,1030 

1150 

1260 

600 $ ■/. 

700 

800 

r 900 

1000 

, ■ ,.1890 % 

.■^•2250^;'; 

4(1 '245oT1V v . ’ : ; ; 

V • 1600 ' 

; i.. 1800 : 

'' ." V; r v T2odo 

2200 

Lt ; V:: --2400 


*Net outdoor air is equal to the outdoor air quantity introduced thru the apparatus minus the exhaust air quantity 
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INFILTRATION THRU WINDOWS AND DOORS, WINTER 

Infiltration thru windows and doors during the 
winter is caused by the wind velocity and also stack 
effect. The temperature differences during the win¬ 
ter are considerably greater than in summer and, 
therefore, the density difference is greater; at 75 F 
db and 30% rh, density is 0738; at 0°P db, 40% rh, 
density is .0865.. Stack effect causes air to flow in at 
the bottom and out at the top, and in many cases 
requires spot heating at the doors on the street level 
to maintain conditions.. In applications where there 
is considerable infiltration on the street level, much 
of the infiltration thru the windows in the upper 
levels will be offset 

Basis of Table 43 

— Infiltration thru Windows and Doors, Winter 

The data in Table 43 is based on a wind velocity 
of 15 mph blowing directly at the window or door 
and on observed crack widths around typical win¬ 
dows and doors.. The infiltration thru these cracks 
is calculated from Table 44 which is based on 
ASHAE tests 

Use of Table 43 

— Infiltration thru Windows and Doors, Winter 

Table 43 is used to determine the infiltration of 
air thru windows and doors on the windward side 
during the winter. The stack effect in tall buildings 
increases the infiltration thru the doors and windows 
on the lower levels and decreases it on the upper 
levels Therefore, whenever the door infiltration is 
increased, the infiltration thru the upper levels must 
be decreased by 80% of the net increase in door 
infiltration The infiltration from stack effect on the 
leeward sides of the building is determined by using 
the difference between the equivalent velocity (V e ) 
and the actual velocity (V) as outlined in Example 3 
The data in Table 43 is based on the wind blowing 
directly at the windows and doors When the wind 
direction is oblique to the windows and doors, multi¬ 
ply the values by 0.60 and use the total window and 
door area on the windward sides. 

Example 3 - Infiltration in Tall Buildings, Winter 
Given: 

The building described in Example 1 
Find: 

The infiltration thru the doors and windows 
Solution: 

The prevailing wind in New York City during the winter 

is NW at 16.8 mph (Table 1, page 10) 


Correction on Table 41 for wind velocity is 16 8/15 = 1 12 
Since the wind is coming from the Northwest, the crackage 
on the north and west sides will allow infiltration but the 
wind is only 60% effective Correction for wind direction 
is 6 

Since this building is over 100 ft tall, stack effect causes 
infiltration on all sides at the lower levels and exfiltration 
at the upper levels. The total infiltration on the -windward 
sides remains the same because the increase at the bottom 
is exactFy equal to the decrease at the top (For a floor by 
floor analysis use equivalent wind velocity formulas.) Infil¬ 
tration thru windows on the windward sides of the lower 
levels 

- 12,000 X 2 X 1 12 X 6 X 98 = 15 810 cfm 
The total infiltration thru the windows on the leeward 
sides of the building is equal to the difference between the 
equivalent velocity at the first floor and the design velocity 
at the midpoint of the building 



Vi + 1 75b 


= yj (16 8) 2 -f-^1 75 X = 22 2 mph 

V — V - 22 2 - 16 8 = 54 mph 
£ ^ 

Total infiltration thru windows in lower half of building 

(upper half is exfiltration) on leeward side 

= 12,000 X 2 X i/ 2 X (5 4/15) Xi/ 2 X 98 

= 2160 cfm (Table 43) 

NOTE: I his is the total infiltration thru the windows on 
the leeward side A floor by-floor analysis should be 
made to balance the system to maintain proper 
conditions on each floor.. 

The infiltration thru the doors on the street level 
(on leeward side) 

= 10 X 7 X 3 X (5.4/15) X 30 
= 2310 cfm (Table 43c, average use. 1 and 2 
story building) 


Example 4 - Offsetting Infiltration with Outdoor Air 
Any outdoor air mechanically introduced into the building 
offsets some of the infiltration. In Example 3 all of the out 
door air is effective in reducing the window infiltration 
Infiltration is reduced on two windward sides, and the air 
introduced thru the apparatus exfiltrates thru the other two 
sides 
Given: 

The building described in Example 1 with .25 cfm/sq ft 
supplied thru the apparatus and 40,000 cfm being exhausted 
from the building 
Find: 

The net infiltration into this building 
Solution: 

Net outdoor air = (.25 X 10 .000 X 20) - 40,000 = 10,000 cfm 
Net infiltration thru windows 

— 15,800 + 2160 — 10,000 = 7970 cfm 
Net infiltration thru doors = 2310 cfm (Example 3) 

Net infiltration into building = 7970 + 2310 = 10 280 cfm 
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PART I LOAD ESTIMATING 


TABLE 43-INFILTRATION THRU WINDOWS AND DOORS—WINTER* 

15 mph Wind Velocity! 


TABLE 43a DOUBLE HUNG WINDOWS ON WINDWARD SIDE* 


DESCRIPTION 

CFM PER SO FT AREA 

k- : . : 

•A*. No W-Strip 

imall—30" x 7; 

2" ••1 

L 

arge—54" x 9< 

5" 

Average Wood Sash 

Poorly Fitted Wood Sash 

Metal Sash . 

A 85 ) - 

i'5 - 24 A 

T.6o 

.52 
: 74 
.69 

42 ’ 

•••* ^ 

80 

.53 

• 

1 52 

•1.01 

. W-Strip 

33 : ■: • 

: 47 

.44 

Storm Sash 

26 

.74 

NOTE: W-Strip denotes weatherstrip 





( 



TABLE 43b CASEMENT TYPE WINDOWS ON WINDWARD SIDE* 


■■■ ; :; w t r fiY 

i ^^'?^;t)ESCR!PTl6N-4;^ ■ 

: . 

■ -A.--. CFM PER SO FT AREA 

o%. 

.-25% 

33% 

. : £* 

ereent Ver 

dilated Ai 

roa ?i. j_v j 



' Y" 

Rolled Section—Steel Sq*h-;"<jj) 

/. fn'dw^pl Pivoted 

Architectural Proiecfed 

Residential ' • ; 

. 'C’peavy Projected . 

Hollow'Metal — Vertically Pivoted 

;.-v. 

.;/• -.65'. , 

54 

I;44 

f 

I-I9 


T .98 

■ / 77 ,’X ?v‘ 

1.64 ' 

. A.;V : 

-45 

•I G..A.. •J'Vl * 

50 /O f 

■ Liv-.;: 

"Win 

. 60% 

HI8 

- fi 6 % 

2.9 

t* -A.- ’ 
;.M.63.. 

75 % 

X 7“ 

.73 

100 % 

5 .2 

1 26 

4.3: ' 




TABLE 43c DOORS ON ONE OR ADJACENT WINDWARD SIDES* 


-r s 

DESCR,PT,ON ' ■ = 

- J iYSIlllSi liift. f' 


. CFM PER SO FT AREA** : . . 

L Infrequent 

.fA'S.U«eA;' 

■ ; -. ! i ■ 


’M'X ^VL-’AY^as® Use ^ 

" 1 4 2 r -:V’v 

Story Bldg.sl^ 


Toll Building (ft) 


; .’ •' Revolving Door •, 

■ :';^:?,j;i:Glat* Door—(Ms'vCrack):^' v..-TV. W • 

• 16 
. 9.0 

10 5 7 

30.0 M 

12 6 ~ 

: 36.0 fe 

142 

40.5 

200 

173 

.^iitjWeod Door 3' x 7'v;V- ; ,'ir- 

v “■ Small-Factory Door '. L ,' l" '..1 

". f 2.0 ‘ ' 

• 5 

13 0 

13.0 ; 

v 15-5 

17.5 

2! 5 

Garage 8 Shipping Room Door' 

. Ramp Garage Door 4-• 

" 4.0 ' 5 

4.0 . 

90 

13.5 

. * a, 




tB XlTX'l difection is ob,Ique ,o ,he window 

istack 21 hc ; e ' mu " ipIy the ,ab,e ^- «■«<» - 

design velocity (V). The equivalent velocity is: W ° rd ” de T ° evalua,e ,hls < determine the equivalent velocity (V e ) and subtract the 

W = W*-1.75a (upper section) 

V e =VV , + 1.75b (lower section) 

Multiply r::;ii 12^22222222 1 the bui ' din9< respecf,ve,y ' in * 

^ “ 1 and 2 S,or y Bld 3‘" doors on leeward side of tall buildings ) °" e ° ° ^ W " 1d0W, ° n ,he ,eeward side of the building , (Use values under 

Doors on opposite sides increase the above values 25^ i 

'• heovy ' ,he i! ° f “• ™‘-s 



v^. mj**, A*-.v7kT>«—I - : 
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INFILTRATION - CRACK METHOD (Summer or Winter) 
The crack method of evaluating infiltration is 
more accurate than the area methods It is difficult 
to establish the exact crack dimensions but, in cer¬ 
tain close tolerance applications, it may be necessary 
to evaluate the load accurately The crack method is 
applicable both summer and winter. 

Basis of Table 44 

— Infiltration thru Windows and Doors, Crack Method 
The data on windows in Table 44 are based on 
ASHAE tests These test results have been reduced 
20% because, as infiltration occurs on one side, a 
certain amount of pressure builds up in the build¬ 
ing, thereby reducing the infiltration. The data on 
glass and factory doors has been calculated from 
observed typical crack widths 


Use of Table 44 

— Infiltration thru Windows and Doors, Crack Method 
Table 44 is used to determine the infiltration thru 
the doors and windows listed This table does not 
take into account winter stack effect which must be 
evaluated separately, using the equivalent wind 
velocity formulas previously presented.. 

Example 5 — Infiltration thru Windows, Crack Method 

Given: 

A 4 ft x 7 ft residential casement window facing south 
Find: 

The infiltration thru this window.. 

Solution: 

Assume the crack widths are measured as follows: 

Window frame - none. well sealed 

Window openable area — 1/32 in crack; length 20 ft 

Assume the wind velocity is 30 mph due south 

Infiltration thru window = 20 X 2 1 = 42 cfm (Table H) 


TABLE 44-INFILTRATION THRU WINDOWS AND DOORS—CRACK METHOD—SUMMER—WINTER* 


TABLE 44a—DOUBLE HUNG WINDOWS—UNLOCKED ON WINDWARD SIDE 


CFM PER LINEAR FOOT OF CRACK 


Wind Velocity—Mph 


TYPE OF 

DOUBLE HUNG WINDOW 

r : 

io 

■is':; - :r 

20 

25 

'30 

No W- 
Strip 

W- 

Strip 

No W- 
Strip 

W- 

Strip 

No W- 
Strip 

W-, 

Strip 

No W- 
Strip 

W- 

Sfrip 

No W- 
Strip 

W- 

Strip 

No W- 
Strip 

W- 

Strip 

Wood Sash 













Average Window 

.12 

.07 

.35 

22 

65 

40 

: -r -98 

60 

133 

.82 

1,73 

1.05 : 

Poorly Fitted Window 

45 

,10 

1 15 

32 

1 85 


2 60 

.85. ' 

3.30 

1.18 

, 4 .20 

1.53 

Poorly Fitted—with Storm Sash 

23 

,05 

57 

16 

93 

29 

130 

43 

1.60 

59 

2 10 

.76 

Metal Sash ,', . 

, .33 

.10 

.78 

.32 

1.23 

/S53 •• 

1.73 

J7 

2.3 

1.00 

2.8 

1.27 


TABLE 44b —CASEMENT TYPE WINDOWS ON WINDWARD SIDE 





CFM 

PER LINEAR 

FOOT OF CRACK 


TYPE OF CASEMENT WINDOW 
>' ■ ■ . ''’T TYPICAL CRACK SIZE 

AND 



Wind Velocity—-Mph 





5 

to 

15 

20 

25 

30 

Rolled Section—Sleel Sash 

Industrial Pivoted 

'At" crack 

87 

1.80 

2.9 

4 I 

51 

6.2 

Architectural Projected 

Zq" crack 

25 

60 

1.03 

1 43 

1.86 

2 3 

Architectural Projected 

U*" crack 

.33 

.87 

1.47 

1.93 

2.5 

3.0 

Residential Casement 

x Aa" crack 

.10 

30 

55 

78 

1.00 

1 23 

Residential Casement 

I 62 " crack 

.23 

.53 

.87 

1.27 

1.67 

2.10 

Heavy Casement Section Projected 

lit" crack 

.05 

.17 

.30 

.43 

.58 

.80 

Heavy Casement Section Projected 

'/o’ crack 

.13 

.40 

.63 

.90 

1.20 

1.53 

Hollow Metai—Vertically Pivoted 


.50 

1.46 

2.40 

3.10 

3.70 

4.00 



•infiltration caused by stack effect must be calculated separately during the winter 
fNo allowance has been made for usage. See Table 43 for infiltration due to usage 
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TABLE 44 —INFILTRATION THRU WINDOWS AND DOORS—CRACK METHOD—SUMMER-WINTER* 

(Confd) 

TABLE 44c—DOORSf ON WINDWARD SIDE 





CFM 

PER LINEAR 

FOOT OF CRACK T' -§> 


TYPE OF DOOR 

isSTfgvS >L- 



.; Wind Velocity— mph . 

:/' 'MB 




• 5 

10 ; 

-3.15- 'V 

T;# : ;2o Tg 

25 

30 . 

Glas* Door — Hercutiie 


, ' , 






Geo d Initollotion Vi* frock 

£ A % !■ ’ ; 

; 3.2 ‘ 

64 

# 96 

-Jr- 13 0 A - 


;Jgl9,0 

Average Installation crack 

• Y 

43 

100 

.Ttu.o T.; 

' £ 20.0 


;■ Poor Installation Vi" crock ’ 

- .- 

6.4 

- 13.0 V 

1,19.0 

26.0. u 

'$3. 26.0 ..*! 

•:WT38.0 

Ordinary Wood or Metal 

Well Fitted—W-Strip 

-A-t&S&Svs,- . . 

45 

; .. 60 , . 

' i 2 V 

■:-.yVW’S- 

:M.-1 3 - 

.'/VrS- 

■ T}.Ti - 7 ' 

m* * 

Well Fitted—;No W Strip • 


90 

? ”:T.0 • 

"”'T : ''26 " 

Poorly Fitted—No W-Strip 


.90 

2.3 •;! 

Z7 

5.2 

6.6 T; 

8.4 

Factory Door Vi".crack r _ 


; 3.2 , ■ 

M 



1 16.0 



VENTILATION 

VENTILATION STANDARDS 

The introduction of outdoor air for ventilation of 
conditioned spaces is necessary to dilute the odors 
given off by people, smoking and other internal 
air contaminants 

The amount of ventilation required varies 
primarily with the total number of people, the ceil¬ 
ing height and the number of people smoking. 
People give off body odors which require a mini¬ 
mum of 5 cfm per person for satisfactory dilution. 
Seven and one half cfm per person is recommended. 
This is based on a population density of 50 to 75 
sq ft per person and a typical ceiling height of 8 ft 
With greater population densities, the ventilation 
quantity should be increased When people smoke, 
the additional odors given off by cigarettes or cigars 
require a minimum of 15 to 25 cfm per person. In 
special gathering rooms with heavy smoking, 30 to 
50 cfm per person is recommended. 

Basis of Table 45 
—Ventilation Standards 

The data in 7able 45 is based on test observation 
of the clean outdoor air required to maintain satis¬ 
factory odor levels with people smoking and not 
smoking. These test results were then extrapolated 
for typical concentrations of people, both smoking 
and not smoking, for the applications listed 

Use of Table 45 
—Ventilation Standards 

Table 45 is used to determine the minimum and 
recommended ventilation air quantity for the listed 


applications. In applications where the minimum 
values are used and the minimum cfm per person 
and cfm per sq ft of floor area are listed, use the 
larger minimum quantity Where the crowd density 
is greater than normal or where better than satis¬ 
factory conditions are desired, use the recommended 
values 

SCHEDULED VENTILATION 
In comfort applications, where local codes permit, 
it is possible to reduce the capacity requirements of 
the installed equipment by reducing the ventilation 
air quantity at the time of peak load This quantity 
can be reduced at times of peak to, in effect, mini¬ 
mize the outdoor air load At times other than peak 
load, the calculated outdoor air quantity is used 
Scheduled ventilation is recommended only for in¬ 
stallations operating more than 12 hours or 3 hours 
longer than occupancy, to allow some time for flush¬ 
ing out the building when no odors are being gen¬ 
erated It has been found, by tests, that few com¬ 
plaints of stuffiness are encountered when the out¬ 
door air quantity is reduced for short periods of 
time, provided the flushing period is available. It is 
recommended that the outdoor air quantity be re¬ 
duced to no less than 40% of the recommended 
quantity as listed in 7able 45.. 

The procedure for estimating and controlling 
scheduled ventilation is as follows: 

1 In estimating the cooling load, reduce the air 
quantity'at design conditions to a minimum of 
40% of the recommended air quantity 

2 Use a dry-bulb thermostat following the cool¬ 
ing and dehumidifying apparatus to control 
the leaving dewpoint such that: 
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a With the dewpoint at design, the damper 
motor closes the outdoor aii damper to 40% 
of the design ventilation air quantity 
b.. As the dewpoint decr eases below design, the 
outdoor air damper opens to the design 
setting 

3. Another method which could be used is a ther¬ 
mostat located in the leaving chilled water 
from the refrigeration machine 

Example 6 -- Ventilation Air Quantity, Office Space 

Given: 

A 5000 sq ft office with a ceiling height of 8 ft and 50 people 

Approximately 40% of the people smoke 

Find: 

The ventilation air quantity. 


Solution: 

The population density is typical, 100 sq ft per person, but 
the number of smokers is considerable 
Recommended ventilation = 50 X 15 = 750 cfm (Table 45) 
Minimum ventilation = 50 X 10 =500 cfm (Table 45) 
500 cfm will more than likely not maintain satisfactory 
conditions within the space because the number of smokers 
is considerable Therefore, 750 cfm should be used in this 
application. 

NOTE: Many applications have exhaust fans This means 
that the outdoor aii quantity must at least equal 
the exhausted air; otherwise the infiltration rate 
will increase Tables 46 and 47 list the approximate 
capacities of typical exhaust fans The data in these 
tables were obtained from published ratings of sev¬ 
eral manufacturers of exhaust fans 



- APPLICATION ' 


' Banking Space 
■' Barber Shop*. 

• Beauty Parlors ' '1 ■ 

Broker's Board Rooms 
Cocktail Bars 

'• Corridors {Supply or Exhaust) 

:v.:. Department Stores Wits 


Extreme y; i Si" 


Directors Rooms 


Considerable 


' Drug Stores f 
- Faetari«s/§ 
v. Five and Ten CenfStores 
Funeral Parlors 
Garage / ' ■ V 


Non? 
y_. None. 
A None 


Operating Rooms I 


None 

None 

None 

Heavy 


. Hospitals'' Privofe Rooms 
[Wards ■-.!>•/y; 

' Hotel Rooms •• LL 
.: , , ' / Restouront f ; 

, Kl,chen \Residence 

' ' , 5 . )» V 1 ?' w -*L 

Laboratories f '• 


Very Heavy 
;j Some 
■> None . •' 
Considerable 
Considerable 
Considerable 


Meeting Rooms'' -V'f;A 

; Generol 
Office Private 
Private 

„ . " ./Cafeteria f 
Restaurant| 0 . ning Ro<Jm f 


School Rooms/ 
Shop Retail 
Theater* 

Theater 

Toilets / (Exhaust) 


1.25 


VENTILATION STANDARDS 


ms 




•When minimum is used, use the larger §Use these values unless governed by other sources of contamination or by local codes 


/See local codes which may govern 


**AII outdoor air is recommended to overcome explosion hazard of anesthetics 


/May be governed by exhaust 
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TABIE 46— CENTRIFUGAL FAN 
CAPACITIES 


several manufacturer /of r ° fin S s of 

smgle inlet, Range of static pres J es (/ t o I Vi hi, "f Sm9 W ‘‘ dfh ' 
d,an,eter 10 inches and roller are direct connected ^ 

minimum and 'fff' 1000 f P™ 

C133S prob ° bly " >»° ZZ'oZ';:;*; 
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TABLE 47- 


Inlet 

Diameter 

(in.) 

Capacity* 

(efm) 

Motor 

Horsepower 

Range 

Outlet 

Velocity 

Range (fpm) 

Fan Diameter 
(in.) A 

4 

6 

8 

1 ° . 

50- 250 
100- 550 
300-1000 
600-2800 

1/70-1/20 
1 /20-1/6 ;■>; 
1/20-14 
. ... .1/5-2 ..f. 

800-2000 

1 500-2500 

850-2900 
ft 950-4300 

8 

12 

12 

16 

12 f 

15f 

18f ' 
2 lf 

7^800-1600 
ui 200-2500 
' 1700-3600 
2300-5000 | 

V4-I4 
•A-l 7 
'/< VA v 

fc-ii* 

.£.'71000-2000 
->-1000-2000 

7 1000-2000 
1000-2000 

T6 

18 

18 f • 

20 

20 


PROPELLER FAN CAPACITIES — 
FREE DELIVERY 



20 


?omThrv C l e L° g U a n n 5 abovr riOUI m ° nufaCtUrers "”>7 vary ±10% 
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INTERNAL HEAT GAIN 

Internal heat gain is the sensible and latent heat 
released within the air conditioned space by the 
occupants, lights, appliances, machines, pipes, etc 
This chapter outlines the procedures for determin¬ 
ing the instantaneous heat gain from these sources. 
A portion of the heat gain from internal sources 
is radiant heat which is partially absorbed in the 
building structure, thereby reducing the instan¬ 
taneous heat gain. Chapter 3, " Heat Storage, Di¬ 
versity and Stratification” contains the data and 
methods for estimating the actual cooling load from 
the heat sources referred to in the following text. 

PEOPLE 

Heat is generated within the human body by 
oxidation, commonly called metabolic rate The 
metabolic rate varies with the individual and with 
his activity level . I he nor mal body processes are 
performed most efficiently at a deep tissue tempera¬ 
ture of about 98 6 F; this temperature may vary only 
thru a narrow range However, the human body is 
capable of maintaining this temperature, thru a 
wide ambient temperature range, by conserving or 
dissipating the heat generated within itself 

This heat is carried to the surface of the body by 
the blood stream and is dissipated by: 

1 Radiation from the body surface to the sur¬ 
rounding surfaces. 

2 Convection from the body surface and the res¬ 
piratory tract to the surrounding air. 

3 Evaporation of moisture from the body surface 
and in the respiratory tract to the surrounding 
air 

The amount of heat dissipated by radiation and 
convection is determined by the difference in tem¬ 
perature between the body surface and its surround¬ 
ings.. The body surface temperature is regulated by 
the quantity of blood being pumped to the surface; 
the more blood, the higher the surface temperature 
up to a limit of about 96 F The heat dissipated by 
evaporation is determined by the difference in vapor 
pr essure between the body and the air.. 

Basis of Table 48 
— Heat Gain from People 

Table 48 is based on the metabolic rate of an aver¬ 
age adult male, weighing 150 pounds, at different 


levels of activity, and generally for occupancies 
longer than 3 hours. These have been adjusted for 
typical compositions of mixed groups of males and 
females for the listed applications.. The metabolic 
rate of women is about 85% of that for a male, and 
for children about 75% 

The heat gain for restaurant applications has 
been increased 30 Btu/hr sensible and 30 Btu/hr 
latent heat per person to include the food served.. 

The data in Table 48 as noted are for continuous 
occupancy. The excess heat and moisture brought 
in by people, where short time occupancy is occur¬ 
ring (under 15 minutes), may increase the heat gain 
from people by as much as 10% 

Use of Table 48 
— Heat Gain from People 

To establish the proper heat gain, the r oom design 
temperature and the activity level of the occupants 
must be known 

Example 1 — Bowling Alley 
Given: 

A 10 lane bowling alley, 50 people, with a room design 
dry-bulb temperature of 75 F. Estimate one person per 
alley bowling, 20 of the remainder seated, and 20 standing 
Find: 

Sensible and latent heat gain from people 
Solution: 

Sensible heat gain = (10 X 525) + (20 X 240) + (20 X 280) 

= 15,650 Btu/hr 

latent heat gain =(10 X 925) ■+ (20 X 160) + (20 X 270) 

= 17 850 Btu/hr 


LIGHTS 

lights generate sensible heat by the conversion of 
the electrical power input into light and heat The 
heat is dissipated by radiation to the surrounding 
surfaces, by conduction into the adjacent materials 
and by convection to the surrounding air, The 
radiant portion of the light load is partially stored, 
and the convection portion may be stratified as 
described on page 39 Refer to Table 12, page 35, to 
determine the actual cooling load. 

Incandescent lights convert approximately 10% 
of the power input into light with the rest being 
generated as heat within the bulb and dissipated by 
radiation, convection and conduction. About 80% 
of the power input is dissipated by radiation and 
only about 10% by convection and conduction, 
Fig 30 . 
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Fic 30 — Conversion of Electric Power to 
Heat and Light Wiih Incandesceni Lights, 
Approximate 

Fluorescent lights convert about 25% of the power 
input into light, with about 25% being dissipated 
by radiation to the surrounding surfaces.. The other 




Fig 31 - Conversion of Electric Power to 
Heai and Lighi Wiih Fluorescent Lights, 
Approximate 

50% is dissipated by conduction and convection In 
addition to this, approximately 25% more heat is 
generated as hear in the ballast of the fluorescent 
lamp, Fig. 31 

Table 49 indicates the basis for arriving at the 
gross heat gain from fluorescent or incandescent 
lights, 


TABLE 48 —HEAT GAIN FROM PEOPLE 


DEGREE OF 
ACTIVITY 

TYPICAL 

APPLICATION 

•1 ■ ‘ V •; . t V«' >' -•' • 

‘ 

Met¬ 

abolic 

Rote 

•Aver- 
: 'age 
Ad- 

: .justed 
Mef4 

■ 

m 

ROOM 

DRY-BULB TEMPERATURE 




mm 

F 

| - '-L 78 F 


F 

1- 

70 

F 

i 

(Adult 

Male) 

• abolic 
Rote* 

Btu/hr 

A" Btu/hr 

Btu, 


^ G r r. Btu/hr 

bv-C. i Btu/hr . 

' • , ... V 

- '• ‘ . 

Btu/hr 

Btu/hr 

Sensible 

Latent 

Sensible! 

Latent 


Latent 

Sensible 

Latent 

ISB! 

latent 

Seated of rest 

H Theater,, ■■''.‘'- A r 

Grade School • 

390 ... 

- 350 

175 

175 

195 

155 



B 



90 

Seated, very light 
work 


1 45 0 

400 

180 

220 

195 

205 

215 

185 



■ 


Office worker 

Offices, Hotels, 

Apts., College 

a 

’ 450 

/V-r ; ’; * * ’ 

180 


H 




m 

Rl 



Standing, walking 
slowly 

< Dept , Retail, or 
Variety Store 

55Q . 

270 



215 

235 

H 


285 

165 

Walking, seated 

Drug Store 

550 

500 

180 

320 

■ 








Standing, walking 
slowly 

} i i . t • ‘ ■ 

Bank 

'550 ; 



220 

280 



290 

210 

Sedentary work 

Restaurant) 

500 

Ugl 

190 

360 


m 

240 

310 

280 

270 

320 

230 

Light bench work 

Factory, light work 

800 


190 

560 



245 

505 

295 

455 

365 

385 

Moderate dancing 

Dance Holl 

900 

SB 

220 

630 

245 

605 

275 

575 

325 

525 

400 

450 

Walking, 3 iriph 

Factory, fairly 
. heavy work 

1000 

1000 

270 

730 



330 

670 

380 

620 

460 

540 

Heavy work, 

Bowling' Alley), 

//Factory A; -TV ■ 

1500 

1450 

450 1000 

465 

985 

485 

965 

525 

925 

605 

845 


‘Adjusted Metaboiic Rate is the metabolic rate to be applied to a 
mixed group of people with a typical percent composition based on 
the following factors: 

Metabolic rate, adult female = Metabolic rate, adult male X 0.85 
Metabolic rate, children = Metabolic rate, adult male X 0 75 


fRestaurant—Values for this application include 60 Btu per hr for food 
per Individual (30 Btu sensible and 30 Btu latent heat per hr). 

iBowiing—Assume one person per alley actually howling and all others 
sitting, metabolic rate 400 Btu per hr; or standing, 550 Btu per hr. 
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peiform, that is, drying, cooking, etc, whereas gas 
burning appliances contribute additional moisture 
as a product of combustion A properly designed 
hood with a positive exhaust system removes a con¬ 
siderable amount of the generated heat and moisture 
from most types of appliances. 

Basis of Tables 50 thru 52 

— Heat Gain from Restaurant Appliances and 
Miscellaneous Appliances 

The data in these tables have been determined 
from manufacturers data, the American Gas Asso¬ 
ciation data, Directory of Approved Gas Appliances 
and actual tests by Carrier Corporation. 


TABLE 49—HEAT GAIN FROM LIGHTS 


HEAT GAIN* Btu/hr 


TYPE 


Total light WattsX 1 25fx 3 4 


Fluorescent 


Total Light WattsX 3.4 


Incandescent 


*Refer to Tobies 12 an d 13, pages 35-37 to determine actual cooling 
load. 

f Fluorescent light wattage is multiplied by 1.25 to include heat gain 
in ballast. 


APPLIANCES 

Most appliances contribute both sensible and 
latent heat to a space Electric appliances contribute 
latent heat, only by virtue of the function they 


TABLE 50-HEAT GAIN FROM RESTAURANT APPLIANCES 


NOT HOODED*—ELECTRIC 


RECOM HEAT GAIN 


MFR MAIN- 
MAX TAIN- 

RATINGihlNG 


FOR AVG USE 


MISCELLANEOUS 

DATA 


APPLIANCE 


Sensible 

v-Heaty'; 

Btu/hr' 


Latent.. Total 
"Heat';'; V Heat 
Btu/hr ' . Btu/hr 


Coffee Brewerrr- 'A. gal 

. 3 a L 

4 Coffee Brewing Units 
with 4’/4'9al Tank , 


16900 


11900 

15300! 

17000 


Coffee Urn—3 got 
’ ; ’T 3 gal 

. —5 gal 


A Exhaust systei 
- outdoors^Va 


Doughnut Machine 


16000 


. Egg 




; j.'i ’ Insulated, separate ", 

. Auto. ; . h e a tin g u n if for,e a eh]j: 

‘Tv pot.:Plote:'Wdrjner ?n^{ 


Food Warmer with Plate 
Jr fj Warmer;.persq ft top- 
surface ‘ 


Food.WarmeYwithout 
/ plate Warmer, per sq.ft 
top surface. 

Fry.Kettle--l l ’/i lb fat 

Fry kettle—25 lb fat /' 

Griddle.- Frying 


1020 ; 


Ditto, without plote 
. warmer '-I'.-. - /-• -. 


Auto. 


-2000 


23800 


2800 


10200 


Cooking area 10 x 12' 


Grille, Meat 


Grille, Sandwich 


One drower 


Roll Warmer 


2 Slices wide- 


Toaster, Continuous 


360 slices/hr 


7500 


Auto. 


.Toaster, Continuous 


720 slices/hr 


10200 


6000 


2 Slices 


2480 


Auto. 


Waffle Iron 


Aufo. 


Waffle Iron for Ice Cream 
Sandwich V 


7500 


*lf properly designed positive exhaust hood is used, multiply recommended value by .50 


900 

220 

/ 230 

90 

4800 

1200 

i 2600 

1700 

■? 2200 

1500 

3400 

2300 

| 5000 


! 1200 

800 

V 350 

1; 

V/ 

350 

}. 200 

350 

1600 

2400 

3 3800 

5700 

3100 

1700 

l 3900 

2100 

2700 

700 

1100 

100 

5100 

1300 

6100 

2600 

2450 

450 

1100 

750 

3100 

2100 
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Use of Tables 50 thru 52 

— Heat Gain from Restaurant Appliances and 

Miscellaneous Appliances 

The Maintaining Rate is the heat generated when 
the appliance is being maintained at operating tem¬ 
perature but not being used. 

The Recommended for Average the values are 
those which the appliance generates under normal 
use. These appliances seldom operate at maximum 
capacity during peak load since they are normally 
warmed up prior to the peak 


The values in Tables 50 thru .52 are for unhooded 
appliances If the appliance has a properly designed 
positive exhaust hood, reduce the sensible and the 
latent heat gains by 50%.. A hood, to be effective, 
should extend beyond the appliance approximately 
4 inches per foot of height between the appliance 
and the face of the hood. The lower edge should not 
be higher than 4 feet above the appliance and the 
average face velocity across the hood should not be 
less than 70 fpm 


TABLE 51—HEAT GAIN FROM RESTAURANT APPLIANCES 


NOT HOODED*—GAS BURNING AND STEAM HEATED 


APPLIANCE 

‘ OVERALL ? - 

DIMENSIONS 

Less legs and 

Handles (In.) 

TYPE 

OF 

CON¬ 

TROL 

MISCELLANEOUS 

DATA 

MFR 

MAX 

RATING 

Btu/hr 

M AIN- 
TAiN- 
ING 
RATE 
Btu/hr 

RECOM HEAT 
.... FOR AVG ' 

GAIN 

USE 

Sensible 
Heat 
Btu/hr . 

Latent 

Heat 

Btu/hr 

Total 

Heat 

Btu/hr 


GAS BURNING 


Coffee Brewer— V 2 gal 
Warmer—V5s gal 


Man. 

Man, 

; • Combination brewer 
and warmer 

3400 f: 

500 

500 

HI 

!■ 

KIsMSi 
(TV, fl 

Coffee Brewer Unit with 

Tank 

1? X 30 x 26H 

■ 

■ 4 Brewers and 4 Va 
gal tank 




IHjljSj 

9000 

Coffee Urn—3 gal 

■ 15" Dia x 34H 

Auto. 

Black finish 

3200 

3900 

2900 

2900 

5800 

Coffee Urn—3 gal 

12 x 23 oval x 2IH 

Auto. 

Nickel plated 



2500 

2500 

5000 

Coffee Urn—5 gal 

18 Did x 37H 

Auto. , 



mm 



7800 

Food Warmer, Values per 
sq fl lop surface 


Man. 

Water bath type 

2000 

m 

850 

450 

1300 

Fry Keltle—15 lb fat 

12 x 20 x 18H 

Auto. 

Frying area 10 x 10 



4200 


7000 

Fry Kettle- 28 lb fat 

15 x 35 x 11H 

: AutO. , 

■T Frying area 11 x 16 

24000 

4500 



12000 

Grill—Broil-O-Grill 

Top Burner 

Bottom Burner 

22 x U x 17H •*'/> 

(1.4 jq ff/V b'rij 

grill surface) 

Man : 

: Insulated 

22,000 Btu/hr 
f' 15,000 Btu/hr 

H 




18000 

Stoves, Short Order- 
Open Top. Values per 
sq fl top surface 

• ri, AM- - ..riri 

Man 

Ring type burners 

12000 to 22000 
,s. Btu/ea 

14000 


4200 

4200 

8400 

Stoves, Short Order— 
Closed Top, Values per 
sq ft top surface 


Man.. 

Ring type burners 10000 

to 12000 Btu/ea 

11000 

J , i- ; 

3300 

3300 

6500 

Toaster, Continuous 

•i;i5 X 15 X 28H , ^a% 

Auto 


Bill 

? •..% 

,10000 

7700 

3300 

11000 


STEAM HEATED 


Coffee Urn—3 gal 

— 3 gal 

— 5 gal 

15 Dia x 34H 

12 x 23 oval x 21 H 

1 8 Dia x 37H 

Auto. ” 

Auto. 

Auto. 

Black finish 

Nickel plated 

Nickel plated 




1900 

1600 

2300 

4800 

4000 

5700 

Coffee Urn — 3 gal 
— 3 gol 
—5 gal 

15 Dia x 34H 

12 x 23 oval x 21H 

18 Dia x 37H 

Man. 

Man 

Man. 

Black finish 

Nickel plated 

Nickel plated 


n 


3100 

2600 

3700 

6200 

5200 

7400 

Food Warmer, per sq ft 
fop surface 


Auto. 






900 

Food Warmer, per sq ft 
top surface 


Man. 



m 

450 

1150 

1500 


*lf properly designed positive exhaust hood is used multiply recommended value by 50 
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TABLE 52 —HEAT GAIN FROM MISCELLANEOUS APPLIANCES 

NOT HOODED* 




— ■ - 

MFR | 

RECOM HEAT 

GAIN FOR AVG USE 

APPLIANCE 

TYPE 

OF 

CONTROL 

MISCELLANEOUS DATA 

MAX 

RATING 

Btu/hr 

Sensible 
Heat ! 

Btu/hr 

latent 

Heat 

Btu/hr 

Total 

Heat 

Btu/hr 


Hair Dryer, Blower Type 
15 amps, 115 volt* AC 

Hair Dryer, helmet type, 
6.5 amps, 115 volts AC 


Permanent Wave Machine 


Man. 


Man. 


Man. 


Pressurized Instrument 
Washer and Sterilizer 


Neon Sign; per -y-f 
linear ft tube / 

Solution and/or 
Blanket Warmer 


Sterilizer 

Dressing 


Sterilizer, Rectangular Bulk 


Sterilizer, Water 


Sterilizer, Instrument 


Sterilizer, Utensil 


Sterilizer, Hot Air 


Wafer Still 


X-ray Machines, for 
making pictures 


X-ray Machines, 
for therapy 


Auto 

Auto. 


Auto. 
Auto, 
Auto 
Auto 
Auto 
Auto. 
Auto.. 


Auto 

Auto. 


Auto 

Auto 

Auto 

Auto. 

Auto. 


Fan 1 65 watts, 

(low 915 watts, high 1580 wotts) 


5,370 


Fan 80 watts, 

(low 300 watts, high 710 watts} 


60 healers at 25 watts each, 
36 in normal use 


] 1" x 11" x 22' 


'/t" outside dia 
Ya" outside dia 

18" x 30" x 72" 
18" x 24" x 72" 


■ r-'s-f 


16"x 24" 
20"x 36" 


24" x 24" x 36" 
24" x 24" x 48" 
24" x 36" x 48" 
24" x 36" x 60" 
36" x 42" x 84" 
42" x 48" x 96" 
48" x 54" x 96" 


10 gallon 
. 15 gallon 


Auto .‘.ft. 
Auto. 


Auto. 

Auto. 


6" x 8" x 17" 
9" x 10" x 20" 
10" x 12"x 22" 

10" x 12"x 36" 
12" x 16" x 24". 


Tl6"x T6"x24" 
i20" x 20" x 24" 


Model 120 Amer Sterilizer Co 
// Mode! 100 Amer Sterilizer Co 


2,400 


5,100 








2,300 


1,870 


850 


1 2,000 


30 

60 


1,200 

1,050 


9,600 

23,300 


34,800 

41.700 

56,200 

68,500 

161,700 

184,000 

210,000 


4.100 

6.100 


T"y.'V' 






5 gal/hour 


Physicians and Dentists office 


Heat load may be appreciable— 
write mfg for data 




2,700 

5.100 

8.100 
10,200 

9,200 


10,600 

12,300 


400 


330 


150 


23,460 


3,000 

2,400 


8 700 
24,000 


21,000 
27,000 
36,000 
45,000 
97,500 
140,000 
1 80,000 


2,700 


2,200 


1,000 


35,460 


30 

60 


4,200 

3,450 


18.300 

47.300 


1 6,500 
24,600 


2.400 

3.900 

5.900 

9.400 
8,600 


2,000 

1,200 


1,700 


None 


20,400 

25,600 


4,200 

2,100 


2,700 


None 


55,800 
68,700 
92,200 
113,500 
259,200 
324,000 
390,000 


20,600 

30,700 


5,100 

9,000 

14,000 

19,600 

17,800 


31,000 

37,900 

6,200 

3,300 


4,400 


None 


GAS BURNING 


Burners, Laboratory 
small bunsen 


small bunsen 
fishtail hurner 


fishtail burner 
large bunsen 


Cigar Lighter 


Hair Dryer System 
5 helmets 
10 helmets 


Man. 


Man. 

Man. 


Man. 

Mon. 


Man. 


Auto. 

Auto. 


Ai dia barrel with 
manufactured gas 


Yi dia with nat gas 
Yi dia with nat gas 


Yi dia bar with not gas 
1 Vx dia mouth, adj orifice 


Continuous flame type 


Consists of heater &. fan which blows 
hot air thru duct system to 
helmets 


1,800 


3,000 

3,500 


5,500 

6,000 


2,500 


33,000 


960 


1,680 

1,960 


3,080 

3,350 


900 


15,000 

21,000 


240 


420 

490 


770 

850 


100 


4,000 

6,000 


1,200 

2,100 

2,450 


3,850 

4,200 


1,000 


19,000 
27,000 


*|f properly designed positive exhaust hood is used, multiply recommended value by 50 


Mi Conditioning Company 
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PART 1 LOAD ESTIMATING 


Example 2 — Restaurant 
Given: 

A restaurant with the following electric appliances with a 
properly designed positive exhaust hood on each: 

I Two 5-gallon coffee urns both used in the morning 
only one used either in the afternoon or evening 

2. One 20 sq ft food warmer without plate warmer 

3. Two 24 x 20 x 10 inch frying griddles. 

4. One 4 slice pop up toaster , used only in the morning 
5 Two 25 lb deep fat fry kettles 

Find: 

Heat gain from these appliances during the afternoon and 
esening meal 

Solution: 

Use Table 50 Sensible Latent 

1 Coffee Urn — only one in use: 

Sensible heat gain = 3400 X 50 = 
latent heat gain = 2300 X 50 = 

2 Food Warmer: 

Sensible heat gain = 20 X 200 X 50 = 
latent heat gain = 20 X 350 X 50 = 

3 Frying Griddles: 

Sensible heat gain = 2 X 5300 X 50 = 
latent heat gain = 2 X 2900 X .50 = 

4 Toaster — not in use 

5 Fry Kettles: 

Sensible heat gain = 2 X 3800 X .50 = 

Latent heat gain = 2 X 5700 X .50 = 

Total sensible heat gain = 

Total latent heat gain = 

ELECTRIC MOTORS 
Electric motors contribute sensible heat to a 
space by converting the electrical power input to 
heat Some of this power input is dissipated as heat 
in the motor frame and can be evaluated as 

input X (1 — motor eff). 

The rest of the power input (brake horsepower 
or motor output) is dissipated by the driven machine 
and in the drive mechanism The driven machine 
utilizes this motor output to do work which may or 
may not result in a heat gain to the space 
Motors driving fans and pumps: T he power input 
increases the pressure and velocity of the fluid and 
the temperature of the fluid 

The increased energy level in the fluid is degen¬ 
erated in pressure drop throughout the system and 
appears as a heat gain to the fluid at the point where 
pressure drop occurs. This heat gain does not appear 
as a temperature rise because, as the pressure re¬ 
duces, the fluid expands.. The fluid expansion is a 
cooling process which exactly offsets the heat 
generated by friction The heat of compression re¬ 
quired to increase the energy level is generated at 
the fan or pump and is a heat gain at this point. 


If the fluid is conveyed outside of the air con¬ 
ditioned space, only the inefficiency of the motor 
driving fan or pump should be included in room 
sensible heat gain.. 

If the temperature of the fluid is maintained by 
a separate source, these heat gains to the fluid heat 
of compression are a load on this separate source 
only 

The heat gain or loss from the system should be 
calculated separately ("' System Heat Gain “ p 110).. 

Motors driving process machinery (lathe, punch 
press, etc): The total power input to the machine 
is dissipated as heat at the machine.. If the product 
is removed from the conditioned space at a higher 
temperature than it came in, some of the heat 
input into the machine is removed and should not 
be considered a heat gain to the conditioned space 
The heat added to a pr oduct is determined by multi¬ 
plying the number of pounds of material handled 
per hour by the specific heat and temperature rise 

Basis of Table 53 

— Heat Gain from Electric Motors 

Table 53 is based on aver age efficiencies of squir rel 
cage induction open type integral horsepower and 
fractional horsepower motors Power supply for 
fractional horsepower motors is 110 or 220 volts, 60 
cycle, single phase; for integral horsepower motors, 
208, 220, or 440 volts, 60 cycle, 2 or 3 phase general 
purpose and constant speed, 1160 or 1750 rpm This 
table may also be applied with reasonable accuracy 
to 50 cycle, single phase a-c, 50 and 60 cycle enclosed 
and fractional horsepower polyphase motors. 

Use of Table 53 

— Heat Gain from Electric Motors 

The data in Table 53 includes the heat gain from 
electric motors and their driven machines when 
both the motor and the driven machine are in the 
conditioned space, or when only the driven machine 
is in the conditioned space, or when only the motor 
is in the conditioned space 

Caution: The power input to electric motors does 
not necessarily equal the rated horse¬ 
power divided by the motor efficiency 
Frequently these motors may be oper ating 
under a continuous overload, or may be 
operating at less than rated capacity, It is 
always advisable to measure the power 
input wherever possible.. This is espe¬ 
cially important in estimates for 1 industrial 
installations where the motor-machine 
load is normally a major portion of the 
cooling load. 


1700 

1150 

2000 

3500 

5300 

2900 


3800 

5700 

12,800 

13 250 
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When readings are obtained directly in uiatls and 
when both motors and driven machines are in the 
air conditioned space, the heat gain is equal to the 
number of watts times the factor 3 4 Btu/(watt)(ht) 
When the machine is in the conditioned space 
and the motor outside, multiply the watts by the 
motor efficiency and by the factor 3 4 to determ.ne 
heat gain to the space 

When the machine is outside the conditioned 


space, multiply the watts by one minus the motor 
efficiency and by the factor 3 4 

Although the results are less accurate, it may be 
expedient to obtain power input measurements 
using a clamp-on ammeter and voltmeter, These 
instruments permit instantaneous readings only 
They afford means for determining the load factor 
but the usage factor must be obtained by a careful 
investigation of the operating conditions 


TABLE 5 3 — HEAT GAIN FROM ELECTRIC MOTORS 

CONTINUOUS OPERATION* 


NAMEPtATEf 
OR : 

BRAKE.;, 

horsepower:; 


'T 

:r£? 




mm. 




LOCATION OF EQUIPMENT WITH ASPECT TO 
CONDITIONED SP ACE .OR; AiR S TR EAM! , 


i.-rp; 




FULL LOAD 

.If MOTOR ; 

EFFICIENCY J 

r » ■ , k ; 


„v. , "Motor In - 

Driven Machine in 


Motor Out - f 
Driven Machine 


yiis^Motor In • 
f Driven Machine out 

: HrxSS ? 1 HPX ins :i -% m 

- - - /o 


Btu pefHpwf.o|j 



* v ’• ( - ' ■. - 

20 •=:•.;• t 

■ - A; 25 - v - - 

■ 30 

m m 

h; : : av-' W'K 

56,500 

72,400 

85,800 

115,000 

51,000 

63,600 

76,400 

102,000 

8,800 

9,400 

13,000 


-fe;.:cr.'-b'-; 1 :.'--. ■ ■ • — 

■ ' 89 ■ 

Spiff.. 4" '-' 90 

143,000 

172,000 

212,000 

284,000 

354,000 

127,000 

153,000 

191,000 

255,000 

318,000 

19,000 Hg^; 

21,000 §H Si 

29,000 §|1 ? M 

36,000 B§y| 

75 ‘ 

100 

, . 125.. 

■- 1 -r—: 

.. -iso • .. 

' 200- vf 

MvT • - ?! 

420,000 

560,000 

700,000 

382,000 

510,000 

636,000 

50,000 

64,000 


Maximum Service Factors 



1 /20 Vi 

VfVi 

Z2-V< ! 

1 

1V4-2 

3-250 

AC Open Type 

DC Open Type 

1.4 

1.35 

1.25 

1.25 

1.15 

1 20 

1.15 

1.15 

1.15 


No overload is aiiowaoie -- 


Air Conditioning Company 
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The following is a conversion table which can be 
used to determine load factors from measurements: 


TO FIND 

—> 

HP 

OUTPUT 

kilowatts 

INPUT 

Direct 

Current 

IXIXeff 

746 

I X E 

1,000 

1 

Phase 

I X E X pf x eff 

746 

I X E X pf 

1,000 

3 or 4 Wire 

3 Phase 

I x E x pf x eff X 1 73 

I X E X pf X 1 73 

746 

1.000 

4 Wire 

2 Phase 

I X E X pf x elf X 2 

746 

I X E X 2 X pf 

1,000 


E = volts 


eff — efficiency 
pf = power factor 
NOTE: for 2 phase, 3 wire circuit, common conductor current 
* S 1 41 times that in of the other two conductors 

Example 3 - Electric Motor Heat Gain in a Factory 
(Motor Bhp Established by a Survey) 
Given: ’ 

1 Forty-five 10 hp motors operated at 80% rated capacity 
drrvmg vanous types of machines located withfn ah 
conditioned space (lathes, screw machines, etc.) 

F«ve 10hp motors operated at 80% rated capacity, driving 
screw machines, each handling 5000 lbs of bronze per 

h B ° th the final P roduct and the shavings from the 
screw machines are removed from the space on con 

2 (Zl!ZZ °' OISi(5 bhp)dr!vfa8 ' 

3 Three 80 hp mote,, (20 bhp) driving process waKr 
pumps wars, discarded outdoors 

Find: 

Total heat gain from motors 
Solution: 

Use Table 53 


1 Machines — Heat gain to space 
= 45 X 30,000 X 80 = 

Heat gain from screw machines 

= 5 X 30,000 X .80 = 120 000 Btu/hi 
Heat removed from space from 
screw machine work 

= 5000 X 5 X 30 X 01 = 7,500 Btu/hr 
Net heat gain from screw machines 
to space 

- 120 000-7500 = 

2. Fan exhausting air to the outdoors: 

Heat gain to space = 10 X 2800 = 

3. Process water pumped to outside 
air conditioned space 

Heat gain to space = 3 X 7500 = 

Total heat gain from motors on 
machines, tans, and pumps = 


Sensible Heat Gain 
Btu/hr 


1.080,000 


112.500 
28,000 

22.500 
1,243,000 


NOTE: If the process water were to be recirculated and 
cooled in the circuit from an outside source the 
heat gam to the water 
3 X (58 500 -7500) = 153 000 Btu/hr 
would become a load on this outside source 

a IP fre G e surface^ evaporation of wate « from 

Hot pipes and tanks add sensible heat to a space 
by convection and radiation Conversely, cold pipes 
remove sensible heat All open tanks containing hot 
water contribute not only sensible heat but also 
latent heat due to evaporation 

In industrial plants, furnaces or dryers are often 
encountered These contribute sensible heat to the 
space by convection and radiation from the outside 
surfaces and frequently dryers also contribute sensi¬ 
ble and latent heat from the drying process. 

Basis of Tables 54 thru 58 

~ of 8 Wafer" ^ Pipi " 9 ' ^ Eva P oratio " 

7 able 54 is based on nominal flow in the pipe and 
a convection heat flow from a horizontal pipe of- 


1 016 x 


(^Dia 


3 \ mi 


X —- 
Ji 


X (temp diff between hot water or steam 
and room) 

by The radiation from horizontal pipes is expressed 

i7 23 x 10- 10 x emissivity x ( 7 / _ 
where T x = r oom surface temp, deg R 
T s = pipe surface temp, deg R 

lable \ 55 and. 56 are based on the same equation 
an an insulation resistance of approximately 2 5 
per mch °f thickness for 85% magnesia and 2 9 per 
inch of thickness with moulded type 

Caution Tables 55 and 56 do not include an allow¬ 
ance for fittings A safety factor of 10% 
should be added for pipe runs having 
numerous fittings.. 

Table 57 is based on an emissivity of 0 9 for 

r,« nte ?i, meta! a " d Painted “ bare wood and con¬ 
crete The emissivity of chrome, br ight nickel plate 

stainless steel, ot galvanized iron is 0 4 The resist 

0 a 08 e oet ° £ rTF" 0 833 Pa inCh Md o£ ““rete 
008 pet mch The metal surface tempeiatute has 

been assumed equal to the water temperature 
NOTE: The heat gain from furnaces and ovens can 
be estimated from Table 57, using the out¬ 
side temper ature of furnace and oven 

Z " b f ased ° n the for mula for 

an. Heat of evaporation = 95 (vapor pressure 
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differential between water and air), where vapor 
pressure is expressed in inches of mercury, and the 
room conditions are 75 F db and 50% rh. 

Use of Tables 54 thru 58 

— Heat Gain from Piping, Tanks and Evaporation 
of Water 

Example 4 - Heat Gain from Hot Water Pipe and 
Storage Tank 

Given: 

Room conditions — 75 F db. 50% ih 
50 ft of 10-inch uninsulated hot water (125 F) pipe 
The hot water is stored in a 10 ft wide x 20 ft long x 10 ft 
high, painted metal tank with the top open to the atmos¬ 
phere The tank is supported on open steel framework 


Find: 

Sensible and latent heat gain 
Solution: 

Use Tables 54 .57 and 58 Btu/hr 

Piping - Sensible heat gain = 50 X 50 X 4.76 = 11 900 

lank -- Sensible heat gain, sides 

= (20 X 10 X 2)+ (10 X 10 X 2) 

X 50 X I 8 = 54 000 

— Sensible heat gain, bottom 

= (20 X 10) X 50 X 1.5 = 15,000 

Total sensible heat gain = 80,900 


Total latent heat gain, top = (20 X 10) X 330 = 66.000 

STEAM 

When steam is escaping into the conditioned 
space, the room sensible heat gain is only that heat 
represented by the difference in heat content of 
steam at the steam temperature and at the room dry- 


bulb temperature (Ib/hr x temp diff >< 45 -, The 

latent heat gain is equal to the pounds per hour 
escaping times 1050 Btu/lb. 

MOISTURE ABSORPTION 

When moisture (regain) is absorbed by hygro¬ 
scopic materials, sensible heat is added to the space 
The heat so gained is equal to the latent heat of 
vaporization which is approximately 1050 Btu/lb 
times the pounds of water absorbed This sensible 
heat is an addition to room sensible heat, and a 
deduction from room latent heat if the hygroscopic 
material is removed from the conditioned space 

LATENT HEAT GAIN - CREDIT TO ROOM 
SENSIBLE HEAT 

Some forms of latent heat gain reduce rood, 
sensible heat Moisture evaporating at the room 
wet-bulb temperature (not heated or cooled from 
external source) utilizes room sensible heat for heat 
of evaporation This form of latent heat gain should 
be deducted from room sensible heat and added to 
room latent heat This does not change the total 
room heat gain, but may have considerable effect on 
the sensible heat factor 

When the evaporation of moisture derives its heat 
from another source such as steam or electric heating- 
coils, only the latent heat gain to the room is figured; 
room sensible heat is not reduced The power input 
to the steam or electric coils balances the heat of 
evaporation except for the initial warmup of the 
water 


TABLE 54-HEAT TRANSMISSION COEFFICIENTS FOR BARE STEEL PIPES 

Btu/(hr) (linear ft) (deg F diff between pipe and surrounding air) 


NOMINAL 

PIPE 

SIZE 
(in ) 

HOT WATER 

STEAM 

120 F 

150 F 

180 F 

. 210 F 

5 psig 

227 F 

50 psig 

300 F 

100 psig 

338 F 


TEMPERATURE DIFFERENCE* 


SO F 

80 F 

no f 

140 F 

157 F 

230 F 

268 F 

’/j 

0.46 

0.50 

0 55 

0.58 

0 61 

071 

076 

% 

0.56 

0 61 

0 67 

0.72 

0 75 

0 87 

0.93 

1 

0 68 

0 74 

0 82 

0.88 

0 92 

1 07 

1,15 

VA 

0 85 

0 92 

1.01 

1 09 

1 14 

1 32 

1 43 

1 Vi 

0.96 

1.04 

1.15 

1.23 

1.29 

1.49 

1.63 

1 

1 18 

1 28 

I 41 

1.51 

1 58 

I 84 


VA 

1.40 

1 .53 

1 68 

1.80 

1 88 

2.19 

2.36 

3 

1 68 

1 83 

2.0! 

2 15 

2.26 

2.63 

2 84 

VA 

1.90 

2 06 

2.22 

2 43 

2 55 

2 9 7 

3.22 

4 

2.12 

2.30 

2.53 

2.72 

2.85 

3.32 

3.59 

5 

2 58 

2 80 

3 08 

3 30 

3 47 

4 05 

4 39 

6 

3.04 

3,29 

3.63 

3 89 

4 07 

477 

5 16 

8 

3 88 

4.22 

4 64 

4 96 

5 21 

6 10 

6.61 

10 

4 76 

5 18 

5 68 

6 09 

64! 

749 

8 12 

12 

5.59 

6.07 

6.67 

7.15 

7.50 

8.80 

9.53 

At 70 F db room temperature 




Air Conditioning Company 









1-108 


PART 1 LOAD ESTIMATING 


TABLE 55 —HEAT TRANSMISSION COEFFICIENTS FOR INSULATED PIPES* 


Bfu/(hr) (linear ft) (deg F diff between pipe and room) 


IRON PIPE 
SIZE 
(in.) 

85 PERCENT MAGNESIA INSUlATIONf 

1 In. Thick 

1 Vi In. Thick 

2 In. Thick 

Vi 

0 16 

0.14 

0 12 

% 

0 18 

0 15 

0.13 

- . - ,1. 

0.20 

0.17 

0.15 

. -..A 1 VA 

0 24 

0.20 

0 17 

VA 

0 26 

0 21 

0 18 

2 

0 30 

0.24 

0 21 

: VA 

0.35 

0.27 

0.24 

3 

0 40 

0 32 

0 27 

3 A 

0 45 

0 35 

0 30 

4 

0 49 

0 38 

0.32 

. 5 

0 59 

0.45 

0 38 

6 

0 68 

0 52 

0 43 

8 

0.85 

0 65 

0 53 


1.04 

0 78 

0 64 

■ ; : .12 

1.22 

0.90 

0.73 


No allowance for fittings. This fable applies only to straight runs of pipe When 
numerous fittings exist, a suitable safety factor must be included This added heat 
gain at the fittings may be as much as 10% Generally this table can be used 
without adding this safety factor. 

fOther insulation. If other types of insulation are used, multiply the above 
values by the factors shown in the following table: 


MATERIAL 

PIPE COVERING FACTORS 

Corrugated Asbestos (Air Cell) 

4 Ply per inch 

I 36 

6 Ply per inch 

1 23 

8 Ply per inch 

1 19 

laminated Asbestos (Sponge Felt) 

0 98 

Mineral Wool 

1 00 

Diatomaceaus Silica (Super-X) 

1 36 

Brown Asbestos Fiber (Wool Felt) 

0.88 


TABLE 56—HEAT TRANSMISSION COEFFICIENTS FOR INSULATED COLD PIPES* 

MOULDED TYPEf 


Btu/(Hr) (linear ft) (deg F diff between pipe and room) 


A:. 

IRON PIPE SIZE 
(in.) 

'/ 1CE-W 

ATER 

('BRINE 

HEAVY 

BRINE 

Actual Thickness 
of Insulation (In.) 

Coefficient , 

Actual Thickness 
' of Insulation (In.) 

Coefficient 

Actual Thickness 
. of Insulation (In.) 

Coefficient 

'A 

I 5 

0 11 

20 

0 10 

2.8 

0 09 

V* 

1 6 

0.12 

2 0 

0 11 

2 9 

0 09 

1 

1.6 

0.14 

2.0 

0.12 

3.0 

0.10 

1 V* 

1 6 

0 16 

2 4 

0 13 

3 1 

0 1 1 

VA 

1 5 

0 17 

2 5 

0 13 

3 2 

0.12 

2 

5 5 

020 

2 5 

0 15 

3 3 


VA 

1.5 

0.23 

2.6 

0.17 

3.3 

0.15 

3 

1 5 

0 27 

27 

0 19 

3.4 

0 16 

3 Vi 

] 5 

0.29 

2 9 

0 19 

3.5 

0 18 

4 

1 7 

0 30 

2 9 

0 21 

37 

0 18 

5 

1.7 

0.35 

3.0 

0.24 

3.9 

0.20 

6 

1 7 

0 40 

30 

0 26 

4.0 

0 23 

3 

1 9 

0 46 

3.0 

0 32 

4 0 

0 26 

10 

1 9 

0.56 

30 

0 38 

4 0 

0 31 

12 

1.9 

0.65 

3.0 

0.44 

4.0 

0.36 


*No allowance for fittings. This table applies only to straight runs of pipe. When numerous fittings exist, a suitable safety factor must be included This 
added heat gain at the fittings may be as much as 10%, Generally this table can be used without adding this safety factor 
flnsulation material. Values in this table are based on a material having a conductivity k = 0 30. However, a 15% safety factor was added to this k 
value to compensate for seams and imperfect workmanship The table applies to either cork covering (k = 0 29), or mineral woof board (k = 0 32). The 
thickness given above is for molded mineral wool board which is usually some 5 to 10% greater than molded cork board 
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TABLE 57-HEAT TRANSMISSION COEFFICIENTS FOR UNINSULATED TANKS 

SENSIBLE HEAT GAIN* 


Btu/(hr) (sq ft) (deg F diff between liquid and room) 



METAL 

WOOD 

2 Vi in. Thick 

CONCRETE 

6 in.. Thick 









Painted 

or Bare 



Painted 

or Bare 


CONSTRUCTION 






- 











Temp Diff 

Temp Diff 

Temp Diff 

Temp Diff 



50 T 

TOO F 

150 F 

200 F 

50 F 

100 F 

150 F 

200 F 

50 F 

100 F 

150 F 

200 F 

50 F 

100 F 

150 F 

200 F 


1 8 

2 0 

2.3 

i 26 

1.3 

1 7 

1 6 

17 

37 

37 

37 

.37 

91 

93 

96 

97 


■ 2.1 j 

2.4 1 

27 

! 2 9 

1.6 

! 4 

1 9 

2.1 

38 

33 

.38 

.38 

99 

1.0 

; 1 0 

1.1 

Bottom 

1.5 ! 

1.7 j 

2.0 

2.2 

0.97 | 

1.1 

1.3 

1.4 

.35 

.36 

.36 

.36 

.83 

.86 

.88 

.90 


*To estimate latent heat load if water is being evaporated see Table 58 


TABLE 58-EVAPORATION FROM A FREE WATER SURFACE—LATENT HEAT GAIN 

STILL AIR, ROOM AT 75 F db, 50% RH 


WATER TEMP 


100 F 

125 F 

150 F ! 

175 F. : 

200 F 

Btu/(hr}{jq ft) 

: 42 

140 

330 

680 

1260 

2! 90 


SYSTEM HEAT GAIN 

The system heat gain is considered as the heat 
added to or lost by the system components, such as 
the ducts, piping, air conditioning fan, and pump, 
etc.. This heat gain must be estimated and included 
in the load estimate but can be accurately evaluated 
only after the system has been designed.. 

SUPPLY AIR DUCT HEAT GAIN 

The supply duct normally has 50 F db to 60 F 
db air flowing through it The duct may pass 
through an unconditioned space having a tempeia- 
tuie of, say, 90 F db and up. This results in a heat 
gain to the duct before it reaches the space to be 
conditioned This, in effect, reduces the cooling 
capacity of the conditioned air To compensate for 
it, the cooling capacity of the air quantity must be 
increased. It is recommended that long runs of ducts 
in unconditioned spaces be insulated to minimize 
heat gain. 

Basis or Chart 3 

— Percent Room Sensible Heat to be Added for Heat 

Gain to Supply Duct 

Chart 3 is based on a difference of 30 F db be¬ 
tween supply air and unconditioned space, a supply 
duct velocity of 1800 fpm in a square duct, still air 
on the outside of the duct and a supply air rise of 17 


F db Correction factors for different loom tempera¬ 
tures, duct velocities and temperature differences are 
included below Chart 3 Values are plotted for use 
with uninsulated, furred and insulated ducts 

Use of Chart 3 

— Percent Room Sensible Heat to be Added for Heat 
Gain to Supply Duct 

To use this chart, evaluate the length of duct 
running thru the unconditioned space, the tempera¬ 
ture of unconditioned space, the duct velocity, the 
supply air temperature, and room sensible heat sub¬ 
total 

Example 5 — Heat Gain to Supply Duct 
Given: 

20 ft of uninsulated duct in unconditioned space at 100 F db 

Duct velocity — 2000 fpm 

Supply aii temperature — 60 F db 

Room sensible heat gain — 100 000 Btu/hr 

Find: 

Percent addition to room sensible heat 
Solution: 

The supply air to unconditioned space temperature differ¬ 
ence = 100 — 60 = 40 F db 
Prom Chart percent addition =4 5% 

Correction for 40 F db temperature difference and 

2000 fpm duct velocity = 1 26 

Actual percent addition = 4.5 X 1.26 = 5.7% 
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CHART 3—HEAT GAIN TO SUPPLY DUCT 

Percent of Room Sensible Heat 



Q - duct heot gain (Btu/hr) 

U = due t heat transmission factor (Btu/hr-sq ft-F) 
P = rectangular duct perimeter (ft) 

I = duct length (ft) 



SUPPLY AIR DUCT LEAKAGE LOSS 

Air leakage horn the supply duct may be a serious 
loss of cooling effect, except when it leaks into the 
conditioned space This loss of cooling effect must 
be added to the room sensible and latent heat load. 

Experience indicates that the average air leakage 
from the entire length of low velocity supply ducts, 
whether large or small systems, averages around 
10% of the supply an quantity. Smaller leakage per 
foot of length for larger perimeter ducts appears to 
be counterbalanced by the longer length of run 


A — duct area (sq ft) 

V = duct velocity (fpm) 

t? = temperature of supply air entering duct (F) 

*3 = temperature of surrounding air (F) 

Based on formulas in ASHRAE Guide 1943, p 184, 185 


Individual workmanship is the greatest variable, 
and duct leakages from 5% to 30% have been’ 
found The following is a guide to the evaluation 
of duct leakages under various conditions: 

1. Bare ducts within conditioned space - usually 
not necessary to figure leakage. 

2 Furred or insulated ducts within conditioned 
space - a matter of judgment, depending on 
whether the leakage air actually gets into the 
room,. 
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CHAPTER 7 INTERNAL AND SYSTEM HEM GAIN 


TABLE 59—HEAT GAIN FROM AIR CONDITIONING FAN HORSEPOWER, DRAW-THRU SYSTEMtt 


Fan Molor 
Not in 

Conditioned 

Space 

or 

Air Stream 


Fan Motorff 
in 

Conditioned 

Space 

or 

Air Stream 


FAN 

TOTAL 

pressure! 

(In. 


CENTRAL 

STATION SYSTEMS} 


APPLIED OR UNITARY SYSTEM** 


Ro 

Temp Diff 
>m to Supply Air 

Temp Diff 

Room to Supply Air 

of Water) 

10 F 

15 F 

20 F 

25 F 

30 F 

10 F 

15 F 

20 F 

25 F 

30 F 





PERCENT OF ROOM SENSIBLE HEA 

T* 




0 50 

1 2 

0 8 

0 6 

0.5 

0 4 

2 2 ‘ 

1 5 

I 1 



0 75 

19 

1.3 

1.0 

08 

06 

3.5 

2 4 

1 8 

1 4 


1.00 

2.7 

1.8 

1.4 

1.1 

0.9 

4.8 

3.2 

2.4 

1.9 

1.6 

1.25 

3.9 

2 6 

19 

1 6 

1 3 

6 5 

4 3 

3.2 

2 6 


1 50 

4 6 

3 1 

2 3 

1 9 

1 6 

7.8 

5.2 

3 9 

3 ! 


1.75 

5.4 

3.6 

2.7 

2.2 

1.8 

9.1 

6.1 

4.6 

3.6 

3.0 

2 00 

62 

4 1 

3 1 

25 

2 1 

10 4 

69 

5 2 

4.2 


3 00 

10 4 

6.9 

5 2 

4 2 

3 5 

167 

11.2 

8 4 

6 7 


4.00 

15.3 

10.2 

7.7 

6.1 

5.1 






5.00 

19 2 

12 8 

9 6 

77 

64 






6 00 

24 4 

163 

12 2 

9 9 

8.2 






8.00 

38.0 

25.4 

19.0 

15.2 

12.7 






0 50 

1.6 

l 1 

0 8 

06 

05 

27 

1 8 

1 4 

1 1 

0 9 

0.75 

26 

18 

1.3 

1 1 

09 

4.2 

2.8 

2 1 

1 7 

1 4 

1.00 

3.6 

2.4 

1.8 

1.5 

1.2 

5.8 

3.8 

2.9 

2.3 

1.9 

I 25 

5.0 

3.4 

2.5 

2 0 

1 7 

76 

5 1 

3 8 

3 1 

2 6 

1 50 

6.0 

40 

3.0 

24 

20 

9 2 

6 1 

46 

3.7 

3 1 

1.75 

7.0 

4.7 

3.5 

2.8 

2.4 

10.7 

7.2 

5.4 

4.3 

3.6 

2.00 

80 

5 4 

4 0 

3 2 

2 7 

12 2 

32 

6.1 

4 9 

4 1 

3 00 

13.2 

88 

6 6 

53 

4 4 

19 5 

13 1 

9 8 

78 

6 5 

4.00.. 

19.0 

12.7 

9.5 

7.6 

6.4 






5.00 

23 8 

15.9 

11 9 

9.5 

8.0 






6 00 

30.0 

20 0 

150 

120 

100 






8.00 

45.5 

30.3 

22.8 

18.2 

15.2 







♦Excludes from heat gain, typical values for bearing losses etc which ore dissipated in apparatus room 

fFan Tofol Pressure equals fan static pressure plus velocity pressure at fan discharge Below 1200 fpm the fan total pressure is approximately equal to 
the fan static Above 1200 fpm the total pressure should be figured 
\7 0% fan efficiency assumed 
**50% fan efficiency assumed. 
ft80% motor and drive efficiency assumed 

JtFor draw' thru systems, this heat is an addition to the supply air heat gain and is added to the room sensible heat For blow-thru systems this fan heat 
is added to the grand total heat; use the R5H times the percent listed and add to the GTH 


3. All ducts outside the conditioned space - 
assume 10% leakage This leakage is a total 
loss and the full amount must be included 
When only part of the supply duct is outside 
the conditioned space, include that fraction of 
10% as the leakage. (Fraction is ratio of length 
outside of conditioned space to total length of 
supply duct .) 

High velocity systems usually limit leakage to 1%. 

HEAT GAIN FROM AIR CONDITIONING 
FAN HORSEPOWER 

The inefficiency of the air conditioning equip¬ 
ment fan and the heat of compression adds heat 
to the system as described under “Electric Motors ” 
In the case of draw-through systems, this heat is an 
addition to the supply air heat gain and should be 
added to the room sensible heat. With blow-through 
systems (fan blowing air through the coil, etc.) the 
fan heat added is a load on the dehumidifier and. 


therefore, should be added to the grand total heat 
(see "Percent Addition to Grand Total Heat”) 


Basis of Table 59 

— Heat Gain from Air Conditioning Fan Horsepower 

The air conditioning fan adds heat to the system 
in the following manner: 

1 Immediate temperature rise in the air due to 
the inefficiency of the fan 

2 liner g\ gain in the air as a pressure and/or 
velocity rise.. 

3. With the motor and drive in the air stream or 
conditioned space, the heat generated by the 
inefficiency of the motor and drive is also an 
immediate heat gain.. 

The fan efficiencies are about 70% for central 
station type fans and about 50% for packaged 
equipment fans 
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Use of Table 59 

— Heat Gain from Air Conditioning Fan Horsepower 
The approximate system pressure loss and de¬ 
humidified air rise (room minus supply air tempera¬ 
ture) differential must be estimated from the system 
characteristics and type of application These should 
be checked from the final system design 

The normal comfort application has a dehumidi¬ 
fied air rise of between 15 I db and 25 F db and the 
fan total pressure depends on the amount of duct¬ 
work involved, the number of fittings (elbows, etc.) 
in the ductwork and the type of air distribution 
system used. Normally, the fan total pressure can be 
approximated as follows: 

1 No ductwork (packaged equipment) — 0 5 to 
1 00 inches of water. 

2. Moderate amount of ductwork, low velocity 
systems — 0 75 to 1 50 inches of water.. 

3. Considerable ductwork, low velocity system — 
1.25 to 2 00 inches of water 

4. Moderate amount of ductwork, high pressure 
system — 2.00 to 4.00 inches of water 

5 Considerable ductwork, high pressure system 
— 3 .00 to 6 00 inches of water.. 

Example 6 — Heat Gain from Air Conditioning Fan 
Horsepower 

Given: 

Same data as Example 5 

80 ft of supply duct in conditioned space 

Find: 

Percent addition to room sensible heat. 

Solution: 

Assume 1 50 inches of water, fan total pressure, and 
20 F db dehumidifier rise Refer to Table 59 
Heat gain from fan horsepower = 2 3% 


SAFETY FACTOR AND PERCENT ADDITIONS TO ROOM 
SENSIBLE AND LATENT HEAT 

A safety factor to be added to the room sensible 
heat sub-total should be considered as strictly a 
factor of probable error in the survey or estimate, 
and should usually be between 0% and 5% 

The total room sensible heat is the sub-total plus 
percentage additions to allow for (1) supply duct 
heat gain, (2) supply duct leakage losses, (3) fan 
horsepower and (4) safety factor, as explained in the 
preceding paragraph. 




Solution: 

Supply duct heat gain = 5 7% 

Supply duct leakage (20 ft duct of total 100 ft) = 2 0% 

Fan horsepower = 2 3% 

Safety factor = 0.0% 

Total percent addition to RSH = 10 0% 

The percent additions to room latent heat for 


supply duct leakage loss and safety factor should be 
the same as the corresponding percent additions to 
room sensible heat 

RETURN AIR DUCT HEAT AND LEAKAGE GAIN 

The evaluation of heat and leakage effects on 
return air ducts is made in the same manner as for 
supply air ducts, except that the process is reversed; 
there is inward gain of hot moist air instead of 
loss of cooling effect, 

Chart 3 can be used to approximate heat gain to 
the return duct system in terms of' percent of RSH, 
using the following procedure: 

1 Using RSH and the length of returri air duct, 
use Chart 3 to establish the percent heat gain. 

2 Use the multiplying factor from table -below 
Chart 3 to adjust the percent heat gain for 
actual temperature difference between the air 
surrounding the return air duct and the air in¬ 
side the duct, and also for the actual velocity . 

3. Multiply the resulting percentage of heat gain 
by the ratio of RSH to GTH 

4. Apply the resulting heat gain percentage to 

'GTH.. TT 

To deter mine the return air duct leakage, apply 
the following reasoning: 

1 Bare duct within conditioned space — no in¬ 
leakage 

2 Furred duct within conditioned space or furred 
space used for return air — a matter of judg¬ 
ment, depending on whether the furred space 
may connect to unconditioned space. 

3. Ducts outside conditioned space — assume up 
to 3% inleakage, depending on the length of 
duct. If there is only a short connection be¬ 
tween conditioned space and apparatus, in- 
Ieakage may be disregarded. If there is a long 
run of duct, then apply judgment as to the 
amount of inleakage 



Example 7 — Percent Addition to Room Sensible Heat 
Given: 

Same data as Examples 5 and 6 
Find: 

Percent addition to room sensible heat gain sub-total 


HEAT GAIN FROM DEHUMIDIFIER PUMP HORSEPOWER 
With dehumidifier systems, the horsepower re¬ 
quired to pump the water adds heat to the system as 
Outlined under “Electric Motors ”. This heat will 
be an addition to the grand total heat. 














CHAPTER 7 INTERNAL AND SYSTEM HEAT GUN 


W 

1-113 


TABLE 60-HEAT GAIN FROM DEHUMIDIFIER PUMP HORSEPOWER 




SMALL 

PUMPS* 

0- 

00 GPM 



LARGE PUMPSf 

100 GPM 

AND LARGER 



CHILLED 

WATER 

TEMP RISE 




CHILLED WATER TEMP RISE 


PUMP HEAD 
(ft) 

5 F 

! 7 F 

f 

10 F 

12 F 

15 F 

5 F 

7 F | 

10 F j 

12 F 

15 F 





PERCENT OF GRAND 

TOTAL 

HEAT 




35 

2.0 

1 1 5 

1 0 


1.0 

0 5 


1.5 

1 0 [ 

0.5 j 

05 

0 5 

70 

3 5 

l 2 5 

2 0 


15 

1 0 


2.5 

2 0 

1 5 ! 

1 0 

1 0 

100 

5.0 

| 4.0 

2.5 


2.0 

1.5 


4.0 

3.0 

2.0 

1.5 

1.0 


‘Efficiency 50% tEff !cienc Y 70% 


Basis of Table 60 

— Heat Gain from Dehumidifier Pump Horsepower 
Table 60 is based on pump efficiencies of 50% foi 

small pumps and 70% for large pumps Small 
pumps are considered to have a capacity of less than 
100 gallons; large pumps, more than 100 gallons 

Use of Table 60 

— Heat Gain from Dehumidifier Pump Horsepower 
The chilled water temperature rise in the dehu¬ 
midifier and the pump head must be approximated 
to use Table 60. 

1 ., Large systems with considerable piping and 
fittings may require up to 100 ft pump head; 
normally, 70 ft head is the average. 

2 The normal water temperature rise in the de¬ 
humidifier is between 7 F and 12 F Applica¬ 
tions using large amounts of water have a lower 
rise; those using small amounts of water have 
a higher rise 


PERCENT ADDITION TO GRAND TOTAL HEAT 

The percent additions to the grand total heat 
to compensate for various external losses consist of 
heat and leakage gain to return air ducts, heat gain 
from the dehumidifier pump horsepower, and the 
heat gain to the dehumidifier and piping system 

These heat gains can be estimated as follows: 

1 Heat and leakage gain to return air ducts, see 
above 

2 Heat gain from dehumidifier pump horse¬ 
power, Table 60. 

3 Dehumidifier and piping losses: 

a Very little external piping — 1% of GTH 
b Average external piping — 2% of GTH. 
c Extensive external piping —4% of GTH. 

4 Blow-through fan system — add percent loom 
sensible heat from Table 59 to GTH.. 

5. Dehumidifier in conditioned apparatus room — 
reduce the above percentages by one half 
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CHAPTER 8. APPLIED PSYCHROMETRICS 


2 Air conditioning apparatus — factors affecting 
common processes and the effect of these factors 
on selection of air conditioning equipment 

3 Psychometrics of partial load control — the 
effect of partial load on equipment selection 
and on the common processes. 

To help recognize terms, factors and processes 
described in this chapter, a brief definition of psy¬ 
chrometrics is offered at this point, along with an 
illustration and definition of terms appearing on a 
standard psychrometric char t (Pig. 32).. 


The preceding chapters contain the practical data 
to properly evaluate the heating and cooling 7 loads. 
They also recommend outdoor air quantities for 
ventilation purposes in areas where state, city or 
local codes do not exist. 

This chapter describes practical psychrometrics 
as applied to apparatus selection It is divided into 
three parts: 

1. Description of terms , processes and factors — as 
encountered in normal air conditioning appli¬ 
cations. 


The temperature of air as 


Specific Volume - I he cubic feet of the mixture per pound of 
diy air ■. . ' . 

Sensible Heat Factor - The ratio of sensible to total heat 

Alignment circle - Located at 80 F db and 50% rh and used in 
conjunction with the sensible heat factor ,to plot the Various 
air conditioning process lines ' \ V ; ’ 

Pound* of Dry Air:-The basis for all psychrometric calculations: 
Remains constant duriog all psychrometric processes. 

>. i*. “c* / . 

The dry bulb, wet-bulb and dewpoint temperatures and the 
lelative humidity are so related that, if two properties are 
known, all other properties shown may then be determined 
When air is saturated, dry bulb, wet-bulb, and dewpoint tem¬ 
peratures are all equal 


Dry-bulb Temperature 

an ordinary thermometer -: ' >4; : -' .. 

• •j;'; . "..-.i-#:-. i.- 

Wet bulb Temperature— The temperature registered- by'a ther¬ 
mometer whose bulb is covered by a wetted wick and exposed 
to a current of rapidly movm^alr;^^ / 

Dewpoint Temperature - I he temperature at which , condensa¬ 
tion of moisture begins when the air is cooled 

Relative Humidity—Ratio of the actual water vapor pressure of • 
the air to the saturated water vapor pressure of the air at the? ':: 
same temperature . 

Specific Humidity or Moihure Content-Theweight of .water V3p0r s A 
in grains or pounds of moisture per pound of dry ai ipf\ > • 

Enthalpy - A thermal property indicating the quantity of heat 
in the air above an arbitrary datum, irvBtu per pound ,qf dry 
air The datum for dry air is 0°I and, for the moisture con-' 
,ent, 32 F wa.ei , , 

Enthalpy Deviation - Enthalpy indicated above, for any given 
condition, is the enthalpy of saturation. It should be cor¬ 
rected by the enthalpy deviation due to the:;air not 
being in the saturated state. Enthalpy deviation is in 
Btu pei pound of diy air Enthalpy deviation is 
applied where extreme accuracy is required; how¬ 
ever, on normal air conditioning estimates * 

it is omitted. . A-' +£/ 


Dewpoint 


Temp era l uc 
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DEFINITION 

Psychrometi ics is the science involving theimo- 
dynamic propei ties of moist air and the effect of 
atmospheric moisture on materials and human com¬ 
fort \s it applies to this chapter, the definition must 
be broadened to include the method of controlling 
the thermal properties of moist air 

AIR CONDITIONING PROCESSES 

fig 33 shows a typical air conditioning process 
traced on a psy chrometric chart. Outdoor air (2)* is 
mixed with return air from the room (1) and enters 
the apparatus (3) Air flows through the condition¬ 
ing apparatus (3 ■ 4) and is supplied to the space (4). 
The air supplied to the space moves along line (4-1) 
as it picks up the room loads, and the cycle is re¬ 


peated. Normally most of the air supplied to the 
space by the air conditioning system is returned 
to the conditioning apparatus There, it is mixed 
with outdoor air required for ventilation The mix¬ 
ture then passes thru the apparatus where heat and 
moisture are added or removed, as required, to 
maintain the desired conditions 

The selection ol proper equipment to accomplish 
this conditioning and to control the thermodynamic 
properties ol the air depends upon a variety of 
elements However, only those which affect the psy- 
chrometric properties of air w ill be discussed in this 
chapter These elements are: room sensible heat 
lactor (RSHFjf, grand sensible heat factor (GSHF), 
effective surface temperatmc by pass faaoi ^1,1 y, 
and effective sensible heat factot (ESHF) 


DESCRIPTION OF TERMS, PROCESSES AND FACTORS 


SENSIBLE HEAT FACTOR 


The thermal properties of air can be separated 
into latent and sensible heat. The term sensible 
heat factor is the r atio of sensible to total heat, where 
total heat is the sum of sensible and latent heat 
This ratio may be expressed as: 


SHF = - 


SH 


SH_ 

TH 


SH + LH 
where: SHF = sensible heat factor 
SH = sensible heat 
LH = latent heat 
TH = total heat 


ROOM SENSIBLE HEAT FACTOR (RSHF) 

The room sensible heat factor is the ratio of room 
sensible heat to the summation of room sensible and 
room latent heat. This ratio is expressed in the fol¬ 
lowing formula: 

nrTTT RSH RSH 

RSH + RLH RTH 

The supply air to a conditioned space must have 
the capacity to offset simultaneously both the room 
sensible and room latent heat loads The room 
and the supply air conditions to the space may be 
plotted on the standard psychrometric chart and 
these points connected with a straight line (1-2), 

‘One italic number in parentheses represents a point and two 
italic numbers in parentheses represent a line plotted on the 
accompanying psy chrometric chan examples 


fig 31 This line represents the psychrometric proc¬ 
ess of the supply air within the conditioned space 
and is called the loom sensible heat factor line. 

The slope of the RSHF line illustrates the ratio 
of sensible to latent loads within the space and is 
illustrated in fig 31 by A h s (sensible heat) and A h, 
(latent heat). Thus, if adequate air is supplied to 
offset these room loads, the room requirements will 



Fig 34 — RSHF Line Plotted Between Room and 
Supply Air Conditions 


f Refer to page 149 for a description of ail abbreviations and 
symbols used in this chapter. 
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be satisfied, provided both the dry- and wet-bulb 
temperatures of the supply air [all on this line 
The room sensible heat factor line can also be 
drawn on the psychrometric chart without knowing 
the condition of supply air The following proced¬ 
ure illustrates how to plot this line, using the calcu¬ 
lated RSHF, the room design conditions, the sen¬ 
sible heat factor scale in the upper r ight hand corner 
of the psychrometric chart, and the alignment circle 
at 80 F dry-bulb and 50% relative humidity: 

1. Dr aw a base line thru the alignment circle and 
the calculated RSHF shown on the sensible 
heat factor scale in the upper right corner of 
•psychrometric chart (1 - 2), fig 35 
2 Draw the actual room sensible heat factor line 
thru the room design conditions parallel to the 
base line in Step 1 (3 ■■ 4), fig. 35 As shown, this 
line may be drawn to the saturation line on the 
psychrometric chart 



Fic 35— RSHF Line Plotted on Skeleton 
Psychrometric Chari 


GRAND SENSIBLE HEAT FACTOR (GSHF) 

The grand sensible heat factor is the ratio of the 
total sensible heat to the grand total heat load 
that the conditioning apparatus must handle, in¬ 
cluding the outdoor air heat loads This ratio is 
determined from the following equation: 


GSHF 


TSH _ TSH 
TLH + TSH GTH 


Air passing thru the conditioning apparatus 
increases or decreases in temperature and/or moistur e 
content. The amount of rise or fall is determined 
by the total sensible and latent heat loads that the 
conditioning apparatus must handle The condition 


of the-air entering the apparatus (mixture condition 
of outdoor and return room air) and the condition 
of the air leaving the apparatus may be plotted on 
the psychrometric chart and connected by a straight 
line// -2), fig 36 This line represents the psychro- 
metric process of the air as it passes through the 
conditioning apparatus, and is referred to as the 
grand sensible heat factor line 

The slope of the GSHF line represents the ratio 
of sensible and latent heat that the apparatus must 
handle This is illustrated in fig 36 by a h s (sensible 
heat) and a h t (latent heat) 



Fig 36 — GSHF Line Plotted Between Mixture 
Condiiions to Apparatus and Leavinc 
Condition From Apparaius 

The grand sensible heat factor line can be plotted 
on the psychrometric chart without knowing the 
condition of supply air, in much the same manner 
as the RSHF line fig 37, Step 1 (1 -2) and Step 2 
(3-4) show the procedure, using the calculated 
GSHF, the mixture condition of air to the appara¬ 
tus, the sensible heat factor scale, and the alignment 
circle on the psychrometric chart The resulting 
GSHF line is plotted thru the mixture conditions 
of the air to the apparatus. 

REQUIRED AIR QUANTITY 

The air quantity required to offset simultaneously 
the room sensible and latent loads and the air quan¬ 
tity required thru the apparatus to handle the total 
sensible and latent loads may be calculated, using 
the conditions on their respective RSHF and GSHF 
lines. For a particular application, when both the 
RSHF and GSHF ratio lines are plotted on the psy- 
chrometi ic chart, the intersection of the two lines//) 
Fig 38, represents the condition of the supply air to 
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Fig 37 - GSHF Line Plotted on Skeleton 

PSYCHROMEIRIC CHART 



Fig 38 — RSHF and GSHF Lines Plotied on 
Skeleton Psychromeiric Chart 

the space It is also the condition of the air leaving 
the apparatus 

This neglects fan and duct heat gain, duct leakage 
losses, etc In actual practice, these heat gains and 
losses are taken into account in estimating the cool¬ 
ing load Chapter 7 gives the necessary data for eval¬ 
uating these supplementary loads. Therefore, the 
temperature of the air leaving the apparatus is not 
necessarily equal to the temperature of the air sup¬ 
plied to the space as indicated in Fig 38.. 

Fig 39 illustrates what actually happens when 


these supplementary loads are considered in plotting 
the RSHF and GSHF lines. 

Point (1) is the condition of air leaving the ap¬ 
paratus and point (2) is the condition of supply air 
to the space Line (1-2) represents the temperature 
rise of the air stream resulting from fan horsepower 
and heat gain to the duct 



DRY-8ULB TEMPERATURE 

Fig 39 - RSHF and GSHF Lines Plotted 
with Supplementary Load Line 

The air quantity required to satisfy the room load 
may be calculated from the following equation: 

RSH 

cfm 3a - ! 08 (t rm — t sa ) 

The air quantity required thru the conditioning 
apparatus to satisfy the total air conditioning load 
(including the supplementary loads) is calculated 
from the following equation: 

TSH 

C ' m ^~ 1.08 ft.-W 

The required air quantity supplied to the space 
is equal to the air quantity required thru the ap¬ 
paratus, neglecting leakage losses.. The above equa¬ 
tion contains the term t m which is the mixture 
condition of air entering the apparatus With the 
exception of an all outdoor air application, the 
term t m can only be determined by trial and error. 

One possible procedure to determine the mixture 
temperature and the air quantities is outlined below 
This procedure illustrates one method of apparatus 
selection and is presented to show how cumbersome 
and time consuming it may be 
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1 Assume a rise (t rm — t ga ) in the supply air to the 
space, and calculate the supply air quantity 
(cfm sa ) to the space. 

2 Use this air quantity to calculate the mixture 
condition of the air (t m ) to the space, (Equation 
1, page 150) 

3 Substitute this supply air quantity and mixture 
condition of the air in the formula for air 
quantity thru the apparatus (cfm^) and deter¬ 
mine the leaving condition of the air from the 
conditioning apparatus (t ldb ) 

4. The rise between the leaving condition from 
the apparatus and supply air condition to the 
space (t sa — t m ) must be able to handle the 
supplementary loads (duct heat gain and fan 
heat) These temperatures (t lAb , t 8a ) may be 
plotted on their respective GSHF and RSHF 
lines (Pig. 39) to determine if these conditions 
can handle the supplementary loads If they 
cannot, a new rise in supply air is assumed and 
the trial-and-enoi procedure repeated 

In a normal, well designed, tight system this dif¬ 
ference in supply air temperature and the condition 
of the air leaving the apparatus (t 3a — t Ub ) is 
usually not more than a few degrees.. To simplify 
the discussion on the interrelationship of RSHF and 
GSHF, the supplementary loads have been neglected 
in the various discussions, formulas and problems 
in the remainder of this chapter It can not be over¬ 
emphasized, however, that these supplementary 
loads must be recognized when estimating the cool¬ 
ing and heating loads These loads are taken into 
account on the air conditioning load estimate in 
Chapter 1, and are evaluated in Chapter 7 

The RSHT ratio will be constant (at full load) 
under a specified set of conditions; however, the 
GSHF ratio may increase or decrease as the outdoor 
air quantity and mixture conditions are varied for 
design purposes As the GSHF ratio changes, the 
supply air condition to the space varies along the 
RSHF line (Tig 38).. 

The difference in temperature between the room 
and the air supply to the room determines the air 
quantity required to satisfy the room sensible and 
room latent loads. As this temperature difference 
increases (supplying colder air, since the room con¬ 
ditions are fixed), the required air quantity to the 
space decreases This temperature difference can 
increase up to a limit where the RSHF line crosses 
the saturation line on the psychrometric chart, Pig. 
98] assuming, of course, that the available condition¬ 
ing equipment is able to take the air to 100% 


saturation. Since this is impossible, the condition of 
the air normally falls on the RSHF line dose to 
the saturation line How close to the saturation line 
depends on the physical operating characteristics 
and the efficiency of the conditioning equipment 
In determining the required air quantity, when 
neglecting the supplementary loads, the supply air 
temperature is assumed to equal the condition of the 
air leaving the apparatus (t sa — t ldb ) This is illus¬ 
trated in Pig 38 The calculation for the required 
air quantity still remains a trial-and-error pro¬ 
cedure, since the mixture temperature of the air 
(t m ) entering the apparatus is dependent on the 
required air quantity The same procedure previ¬ 
ously described for determining the air quantity is 
used. Assume a supply air rise and calculate the 
supply air quantity and the mixture temperature to 
the conditioning apparatus Substitute the supply 
air quantity and mixture temperature in the equa¬ 
tion for determining the air quantity thru the 
apparatus, and calculate the leaving condition of 
the air from the apparatus.. This temperature must 
equal the supply air temperature; if it does not, a 
new supply air rise is assumed and the procedure 
repeated 

Determining the required air quantity by either 
method previously described is a tedious process, 
since it involves a trial-and-error procedure, plotting 
the RSHP and GSHP ratios on a psychrometric 
chart, and in actual practice accounting for the 
supplementary loads in determining the supply air, 
mixture and leaving air temperatures. 

This procedure has been simplified, however, by 
relating all the conditioning loads to the physical 
performance of the conditioning equipment, and 
then including this equipment performance in the 
actual calculation of the load 

This relationship is generally recognized as a 
psychrometric correlation of loads to equipment per¬ 
formance. 7 he correlation is accomplished by cal¬ 
culating the “effective surface temperature,” “bypass 
factor” and “effective sensible heat factor ” These 
alone will permit the simplified calculation of sup¬ 
ply air quantity 

EFFECTIVE SURFACE TEMPERATURE (f M ) 

The surface temperature of the conditioning 
equipment varies throughout the surface of the ap¬ 
paratus as the air comes in contact with it. However, 
the effective surface temperature can be considered 
to be the uniform surface temperature which would 
produce the same leaving air conditions as the non- 
uniform surface temperature that actually occurs 









when the apparatus is in operation.. This is more 
dearly understood by illustrating the heat transfer 
effect between the air and the cooling (or heating) 
medium Pig 40 illustrates this process and is appli¬ 
cable to a chilled water cooling medium with the 
supply air counterflow in relation to the chilled 
water. 


dewpoint (adp) The term is used exclusively in this 
chapter when referring to cooling and dehumidify- 
ing applications The psy chrome tries of air can be 
applied equally well to other types of heat transfer 
applications such as sensible heating, evaporative 
cooling, sensible cooling, etc, but for these appli¬ 
cations the effective surface temperature will not 
necessarily fall on the saturation line.. 



Pig. 40 Relationship oe Eefeciive Surface Temp 
io Supply Air and Chilled Water 

The relationship shown in Pig 40 may-also be 
illustrated for heating, direct expansion cooling and 
for air flowing parallel to the cooling or heating 
medium The direction, slope and position of the 
lines change, but the theory is identical., 

Since conditioning the air thru the apparatus re¬ 
duces to the basic principle of heat transfer between 
the heating or cooling media of the conditioning 
apparatus and the air thru that apparatus, there 
must be a common reference point. This point is 
the effective surface temperature of the apparatus. 
The two heat transfers are relatively independent of 
each other, but are quantitatively equal when re¬ 
ferred to the effective surface temperature. 

Therefore, to obtain the most economical appara¬ 
tus selection, the effective surface temperature is 
used in calculating the required air quantity and in 
selecting the apparatus.. 

Tor applications involving cooling and dehumidi¬ 
fication, the effective surface temperature is at the 
point where the GSHF line crosses the saturation 
line on the psychrometric chart (Pig 36) As such, 
this effective surface temperature is considered to be 
the dewpoint of the apparatus, and hence the term 
apparatus dewpoint (adp) has come into common 
usage for cooling and dehumidifying proces'ses 

Since cooling and dehumidification is one of the 
most common applications for central station ap¬ 
paratus, the ‘‘Air Conditioning Load Estimate” form. 
Pig 44, is designed around the term apparatus 


BYPASS FACTOR (BF) 

Bypass factor is a function of the physical and 
operating characteristics of the conditioning appara¬ 
tus and, as such, represents that portion of the air 
which is considered to pass through the conditioning 
apparatus completely unaltered 

The physical and operating characteristics affect¬ 
ing the bypass factor are as follows: 

1.. A decreasing amount of available apparatus 
heat transfer surface results in an increase in 
bypass factor, i.e. less rows of coil, less coil 
sur face area, wider spacing of coil tubes.. 

2 A decrease in the velocity of air through the 
conditioning apparatus results in a deer ease 
in bypass factor, i.e, more time for the air to 
contact the heat transfer surface 

Decreasing or increasing the amount of heat trans¬ 
fer surface has a greater effect on bypass factor than 
varying the velocity of air through the apparatus. 

There is a psychrometric relationship of bypass 
factor to GSHF and RSHF Under specified room, 
outdoor design conditions and quantity of outdoor 
air, RSHF and GSHF are fixed The position of 
RSHF is also fixed, but the relative position of 
GSHF may vary as the supply air quantity and 
supply air condition change 

To properly maintain room design conditions, 
the air must be supplied to the space at some point 
along the RSHF line. Therefore, as the bypass factor 
varies, the relative position of GSHF to RSHF 
changes, as shown by the dotted lines in Pig. 41 As 
the position of GSHF changes, the entering and 
leaving air conditions at the apparatus, the required 
air quantity, bypass factor and the apparatus dew¬ 
point also change 

The effect of varying the bypass factor on the 
conditioning equipment is as follows: 

1 Smaller bypass fact or — 

a. Higher ad p -- DX equipment selected for 
higher refrigerant temperature and chilled 
water equipment would be selected for less 
or higher temperature chilled water. Pos¬ 
sibly smaller refrigeration machine.. 
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b. less air — smaller fan and fan motor 

c. More heat transfer surface — more rows of 
coil or more coil surface available.. 

d Smaller piping if less chilled water is used. 

2 larger bypass factor — 

a Lower adp — lower refrigerant temperature 
to select DX equipment, and more water or 
lower temperature for chilled water equip¬ 
ment Possibly larger refrigeration machine 
b More air —larger fan and fan motor 
c. Less heat transfer surface — less rows of coil 
or less coil surface available 
d Larger piping if more chilled water is used 


rically to the bypass factor Although it is recognized 
that bypass factor is not a true straight line function, 
it can be accurately evaluated mathematically from 
the following equations: 

gj _ hd6 Lgdp _ ^la ^adp TV \ a — Hadp 

Ldfi Ldp ^ea ^adp f'Ta — Hadp 

and 

|_gp _ ^edb hdft _ ^ea ~~ ^la _ H eg — H; g 

^edb tadp 1 ea ^adp Hea ^^adp 

NOTE: The quantity (1—BF) is frequently called contact factoi 
and is considered to be that portion of the air leaving 
the apparatus at the adp 




Fig 41 — RSHF and GSHF Iines Plotted on 
Skeleton Psychromeiric Chari 

It is, therefore, an economic balance of first cost 
and operating cost in selecting the proper bypass 
factor for a particular application Table 62, page 
127, lists suggested bypass factors for various applica¬ 
tions and is a guide for the engineer to proper bypass 
factor selection for use in load calculations. 

Tables have also been prepared to illustrate the 
various configurations of heat transfer surfaces and 
the resulting bypass factor for different air velocities. 
Table 61, page 127, lists bypass factors for various 
coil surfaces Spray washer equipment is normally 
rated in terms of saturation efficiency which is the 
complement of bypass factor (1 — BF). Table 63, 
page 136, is a guide to representative saturation effi¬ 
ciencies for various spray arrangements 

As previously indicated, the entering and leaving 
air conditions at the conditioning apparatus and 
the apparatus dexvpoint are related psychromet- 


EFFECTIVE SENSIBLE HEAT FACTOR (ESHF) 

To relate bypass factoi and apparatus dewpoint 
to the load calculation, the effective sensible heat 
factor term was developed.. ESHF is interwoven with 
BF and adp, and thus greatly simplifies the calcula¬ 
tion of air quantity and apparatus selection 

The effective sensible heat factor is the ratio of 
effective room sensible heat to the effective room 
sensible and latent heats. Effective room sensible 
heat is composed of room sensible heat (see RSHF) 
plus that portion of the outdoor aii sensible load 
which is considered as being bypassed, unaltered, 
thru the conditioning apparatus. The effective room 
latent heat is composed of the room latent heat 
(see RSHF) plus that portion of the outdoor air 
latent heat load which is considered as being by¬ 
passed, unaltered, thru the conditioning apparatus.. 
This ratio is expressed in the following formula: 

ESHF = ERSH = ERSH 
ERSH + ERLH ~ ERTH 

The bypassed outdoor air loads that are included 
in the calculation of ESHF are, in effect, loads im¬ 
posed on the conditioned space in exactly the same 
manner as the infiltration load The infiltration 
load comes thru the doors and windows; the by¬ 
passed outdoor air load is supplied to the space 
thru the air distribution system 

Plotting RSHF and GSHF on the psychrometric 
chart defines the adp and BF as explained previ¬ 
ously. Drawing a straight line between the adp and 
room design conditions (1 - 2), Fig , 42 represents the 
ESHF ratio The interrelationship of RSHF and 
GSHF to BF, adp and ESHF is graphically illus¬ 
trated in Fig 42 

The effective sensible heat factor line may also 
be drawn on the psychrometric chart without ini¬ 
tially knowing the adp The procedure is identical 
to the one described for RSHF on page 118 The cal- 
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culated ESHF, however, is plotted thru the room 
design conditions to the saturation line (1 - 2), Fig 
43, thus indicating the adp. 

Tables have been prepared to simplify the method 
of determining adp from ESHF. Adp can be ob¬ 
tained by entering Table 65 at room design condi¬ 
tions and at the calculated ESHF It is not necessary 
to plot ESHF on a psychrometric chart. 

AIR QUANTITY USING ESHF, ADP AND BF 

A simplified approach for determining the re¬ 
quired air quantity is to use the psychrometric cor re 



DRY-BULB TEMPERATURE 


Fig 42 - RSHF, GSHF and ESHF Lines Plotted 
on Skeleton Psychrometiuc Chart 



Fig. 43 - ESHF Line Plotted on Skeleton 
Psychrometric Chart 


lation of effective sensible heat factor, apparatus 
dewpoint and bypass factor Previously in this chap¬ 
ter, the interrelationship of ESHF, BF and adp was 
shown with GSHF and RSHF These two factors 
need not be calculated to determine the required 
air quantity, since the use of ESHF, BF and adp 
results in the same air quantity 

The formula for calculating air quantity, using 
BF and t adp , is: 

_ ERSH _ 

Cfm "’ = 1 08 (t, m -t aav ) (1 — BF) 

(ESHF is used to determine t adp ..) 

This air quantity simultaneously offsets the room 
sensible and room latent loads, and also handles the 
total sensible and latent loads for which the condi¬ 
tioning apparatus is designed, including the outdoor 
air loads and the supplementary loads 


AIR CONDITIONING LOAD ESTIMATE FORM 

The “Air Conditioning Load Estimate” form 
is designed for cooling and dehumidifying appli¬ 
cations, and may be used for psychrometric calcula¬ 
tions Normally, only ESHF, BF and adp are 
required to determine air quantity and to select 
the apparatus.. But for those instances when it is 
desirable to know RSHF and GSHF, this form is 
designed so that these factors may also be calculated 
Fig. 44, in conjunction with the following items, 
explains how each factor is calculated (The circled 
numbers correspond to numbers in Fig 44) 

RSH © 


I RSHF = 


2 GSHF = 


3 ESHF = 


RSHfRLH © + © 
TSH ® + © 


GTH 


© 


ERSH 


ERSH 


© = 


ERSH + ERL H ERTH 


© 


© T © © 


4.. Adp located where ESHF crosses the saturation 
line, or from Table 65 ESHF (8) and room 
conditions © give adp 

5. BE (n) used in the outdoor air calculations is 
obtained from the equipment performance 
table or charts Typical bypass factors for dif¬ 
ferent surfaces and for various applications are 
given on page 127.. These are to guide the engi¬ 
neer and may be used in the outdoor air 
calculation when the actual equipment per¬ 
formance tables are not readily available.. 
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SHEET_ 

PREPARED BY_ _ 

NAME OF JOB_ 

LOCATION 


Carrier 


Space Used For. 

Size > 




QUANTITY 

Temp. Diff. 


SOLAR GAIN—GLASS 

So Ft x 


SOLAR & TRANS GAIN- 

Wall So Ft ;< 


.WALLS & ROOF 


Roof—Shaded 



© d 


|j Estimate for 


LOCAL Time 
Sun Tine 

| Peak Load 

Local time 
Sum Time 

]| Hours of Operation 

[ CONDITIONS 




DP 

Gr/Lb 

Outdoor (OA) 

M 








fli ■ 


H 



WBWI 




TRANS GAIN—EXCEPT WALLS & ROOF 

All Glass _So Ft x_ x 


So Ft x 


SoFtx 


INTERNAL HEAT 

People y. 


Watts x s.a x 


Appliances. Etc. 


Additional Heat Gains 


) 


Sm Total j 


Safety Factor 


% 


ROOM SENSIBLE H E A T ■ 


sdpflt 

duct 

Heat Sain 


SUPPLY 

Duct 

% + LEAK- Los» 


Fun 

% + H. P 


Outdoor Air 


F x 


I 


EFFECTIVE ROOM SENSIBLE HEAT ■ | 


Infiltration 


LATENT HEAT 

Cfm X 


gr/lb X o.«a 


Additional Heat Gains 


so Ft x i/ioo x 


Safety Factor 


ROOM LATENT HEAT 


SUP PLY DUCT LEAKAGE LOSS 
Outdoor Air_Cfm X 


EFFECTIVE ROOM LATENT HEAT 


E F F E C TIVE ROOM TOTAL HEAT 


SENSIBLE: 


Latent.- 


OUTDOOR AIR HEAT 

CFH X _ F X (1 — © BF) X 1.08 

GR/LB X (1 — (Q) BFI y 0.63 


Cfm X 


RETURN 

Duct 

HEAT GAIN 


Return 

duct 

% 4- Lea*. G» 


% + POU 


Sub ToTal 

DEHUM. 4 

% + Pirt Loss % 


G RAND TOTAL HEAT 




©• 

© 

©. 

© 




© 




® 

(D 


© 




.© 


.© 


Venti. 

lation 


OUTDOOR AIR 

-PEOPLE X_Cfm person =. 

-SOFT X — --CM So FT =. 


Cfm Ventilation 


_CfM/F'E»SON = . 
_ .Cfk/Doob =. 


Exhaust Fan_._ 

Crack-.Feet X 


Cfm Infiltration m 


CFM OUTDOOR AIR THRU APPARATUS H_.__CFM c 


Temp 

Rise 


Dehum 

CFM 


Outlet 

Temp. 

Diff 


SUPPLY 

CFM 


Bypass 

CFM 


EDB 


APPARATUS DEWPOINT 

effective _ ® Ef fective Room Sens. Heat 

S facto E r* T ~ © Effective Room Total Heat 


INDICATED AOP = . 


SELECTED ADP = .... 


DEHUMIDIFIED AIR QUANTITY 

<i—JDL bf> X (T. M . =-F 

® 


Effective Room Sens. Heat _ 
108 X © F T£MP , 1S1 


Cfm. 


© 


Room Sens. He at 

— =_ F l KM —OUTlf T AIR J 

(T| Cfm 


® 


SUPPLY AIR QUANTITY 

Room Sens. Heat 


' 08 X F dc si be □ oi tr 

-Cfm s , -_©_ Cfm 


OA 


.Cfm . 

.Cfm. 


RESULTING ENT & LVG CONDITIONS AT APPARATUS 

T ® F I ^ Cfm QA .. © f _ t ©pv_ T r 

T.m - F ^o.,@CFMt * (T >»- F T *“-F>-T t0 ._F 

T, di .. ® F + 1 LbF X (T I0 ,®.F - T. 


FROM PSYCH. CHART: T, 


-F. T 


LWi- 


NOTES 


ran At . 

HTITT »Q#« 
twHl* tTMSi* 


Form E 20 


NOTE-. 7 he aided numbers are explained on the previous page under" Air Conditioning Load Estimate ’ form 




lie. 44 — Air Conditioning Load Estimate 
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6 cfm a 


_ ER5H _ 

108 (t, m ~t adp ) (1 — BF) 

_©_ 

1 08 (® - © ) (I - ©) 


Once the dehumidified air quantity is calcu¬ 
lated, the conditioning apparatus may be se¬ 
lected The usual procedure is to use the grand 
total heat ® , dehumidified air quantity 
© , and the apparatus dewpoint © , to 
select the apparatus 

Since guides are available, the bypass factor 
of the apparatus selected is usually in close 
agreement with the originally assumed bypass 
factor If, because of some peculiarity in load¬ 
ing in a particular application, there is a wide 
divergence in bypass factor, that portion of the 
load estimate form involving bypass factor 
should be adjusted accordingly. 

7 Outlet temperature difference - Fig 44 shows 
a calculation for determining the temperature 
difference between room design dry bulb and 
the supply air dry-bulb to the room Frequently 
a maximum temperature difference is estab¬ 
lished for the application involved If the outlet 
temperature difference calculation is larger 
than desired, the total air quantity in the 
system is increased by bypassing air around 
the conditioning apparatus. This temperature 
difference calculation is: 


Outlet temp diff = 


RSH 

1 08 X cfm da 
© 

1 08 X © 


8. Total air quantity when outlet temperature 
difference is greater than desired — The calcu¬ 
lation for the total supply air quantity for a 
desired temperature difference (between room 
and outlet) is: 

, RSH © 

cfm 3u =-=- 

1 08 X At 1.08 x Af 


The amount of air that must be bypassed 
around the conditioning apparatus to maintain 
this desired temperature difference (A t) is the 
difference between cfm ia and cfm da 
9 Entering and leaving conditions at the appara¬ 
tus — Often it is desired to specify the selected 
conditioning apparatus in terms of entering 
and leaving air conditions at the apparatus 
Once the apparatus has been selected from 
ESHF, adp, BF and GTH, the entering and 


leaving air conditions are easily determined 
The calculations for the entering and leaving 
dry-bulb temperatures at the apparatus are 
illustrated in Fig 44. 

The entering dry-bulb calculation contains the 
term “cfmf”* This air quantity ''cfmf” de¬ 
pends on whether a mixture of outdoor and 
return air or return air only is bypassed around 
the conditioning apparatus. 

The total supply air quantity cfm sa © is used 
for “cfmf” when bypassing a mixture of out¬ 
door and return air Fig 45 is a schematic sketch 
of a system bypassing a mixture of outdoor 
and retur n air. 



Fig. 45 — Bypassing Mixture of Outdoor and 
Return Air 

When bypassing a mixture of return air only 
or when there is no need for a bypass around 
the apparatus, use the cfm ia © for the value 
of “cfmf”. Fig 46 is a schematic sketch of a sys¬ 
tem bypassing room return air only 



Fig. 46 — Bypassing Return Air Only or 
No Fixed Bypass 


* ‘cfmf is a symbol appearing in the equation next to © in 
Fig H 
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The entering and leaving wet-bulb tempera¬ 
tures at the apparatus are determined on the 
standard psychrometric chart, once the enter¬ 
ing and leaving dry-bulb temperatures are cal¬ 
culated The procedure for determining the 
wet-bulb temperatures at the apparatus is illus¬ 
trated in Fig 47 and described in the following 
items: 

a. Draw a straight line connecting room design 
conditions and outdoor design conditions 

b. . The point at which entering dry-bulb crosses 

the line plotted in Step a defines the enter¬ 
ing conditions to the apparatus The enter¬ 
ing wet-bulb is read on the psychrometric 
chart 

c. Draw a straight line from the adp © to 
the entering mixture conditions at the ap¬ 
paratus (Step b ) (This line defines the GSHF 
line of the apparatus) 

d. The point at which the leaving dry-bulb 
crosses the line drawn in Step c defines the 
leaving conditions of the apparatus. Read 
the leaving wet bulb from the apparatus at 


this point (This point defines the intersec¬ 
tion of the RSHF and GSHF as described 
previously) 



Fic. 47 — Entering and Leaving Conditions 
at Apparatus 


AIR CONDITIONING APPARATUS 


The following section describes the characteristic 
psychrometric performance of air conditioning 
equipment. 

Coils, sprays and sorbent dehumidifiers are the 
hree basic types of heat transfer equipment re¬ 
quired for air conditioning applications These 
components may be used singly or in combination 
to control the psychrometric properties of the air 
passing thru them 

The selection of this equipment is normally de 
termined by the requirements of the specific appli¬ 
cation The components must be selected and 
integrated to result in a practical system; that is, 
one having the most economical owming and oper¬ 
ating cost 

An economical system requires the optimum com¬ 
bination of air conditioning components It also 
requires an air distribution system that provides 
good air distribution within the conditioned space, 
using a practical rise between supply air and room 
air temperatures 

Since the only known items are the load in the 
space and the conditions to be maintained within 


the space, the selection of the various components 
is based on these items Normally, performance re¬ 
quirements are established and then equipment is 
selected to meet the requirements 

COIL CHARACTERISTICS 

In the operation of coils, air is drawn or forced 
over a series of tubes thru which chilled water, 
brine, volatile refrigerant, hot water or steam is flow¬ 
ing As the air passes over the surface of the coil, it 
is cooled, cooled and dehumidified, or heated, de¬ 
pending upon the temperature of the media flowing 
thru the tubes The media in turn is heated or 
cooled in the process 

The amount of coil surface not only affects the 
heat transfer but also the bypass factor of the 
coil. The bypass factor, as previously explained, is 
the measure of air side performance Consequently, 
it is a function of the type and amount of coil 
surface and the time available for contact as the 
air passes thru the coil Table 61 gives approximate 
bypass factors for various finned coil surfaces and 
air velocities.. 
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^J^ATBL.E 6 1 — TYPICAL. BYPASS FACTORS 

{For Finned Coils) 


DEPTH 

-WITHOUT SPRAYS 

WITH 

SPRAYS 

or 

COILS 

8 fins/in 

14 fins/in 

8 fins/in 

14 fins/in. 


Velocity (fpm) 

(rows) 

300 • 700 

300 • 700 

300 - 600 

300 600 

2 

.42 55 

22 •• 3S 



3 

.27 40 

10 - 23 



i 

J 5 28 

05 - .14 

12 - 22 

04- 10 

5 

.10 22 

.03 - 09 

08- 16 

.02 - 06 

6 

00 - 15 

.01 - 05 

05-H 

01 - 03 

S 

02 08 

00 - 02 

02 • 06 

00- 02 


These bypass factors apply to coils with 5/ 8 in 
OD tubes and spaced on approximately U/ 4 in 
centers. The values are approximate. Bypass factors 
for coils with plate fins, or for combinations other 
than those shown, should be obtained from the coil 
manufacturer 

Table 61 contains bypass factors for a wide range 
of coils. This range is offered to provide sufficient 
latitude in selecting coils for the most economical 
system Table 62 lists some of the more common 
applications with representative coil bypass factors 
This table is intended only as a guide for the design 
engineer. 

TABLE>2^TYP1CAI BYPASS FACTORS 


(For Various Applications) 


COIL 

BYPASS 

FACTOR 

TYPE Of APPLICATION 

EXAMPLE 

0.30 to 0 50 

A small total load or a load 
that is somewhat larger with 
a low sensible heat factor 
(high latent load) 

Residence 

0 20 to 0 30 

Typical comfort application 
with a relatively small total 
load or a low sensible heat 
factor with a somewhat larger 
load 

Residence, 

Small 

Retail Shop 
Factory 

0 10 to 0 20 

Typical comfort application. 

Dept Store. 
Bank, Factory 

0 05 to 0 10 

Applications with high inter¬ 
nal sensible loads or requiring 
a large amount of outdoor air 
for ventilation. 

Dept Store 
Restaurant 
factory 

0 to 0 10 

All outdoor air applications 

Hospital 
Operating 
Room, Factory 
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lie 48 - Coil Processes 


COIL PROCESSES 

Coils are capable of heating or cooling air at a 
constant moisture content, or simultaneously cool 
ing and dehumidifying the air. They are used to 
control dry-bulb temperature and maximum rela¬ 
tive humidity at peak load conditions Since coils 
alone cannot raise the moisture content of the air, 
a water spray on the coil surface must be added 
if humidification is required. If this spray water is 
recirculated, it will not materially affect the psy- 
chrometric process when the air is being cooled and 
dehumidified 

fig 48 illustrates the various processes that can be 
accomplished by using coils 

Sensible Cooling 

The first process, illustrated by line (1 - 2), repie- 
sents a sensible cooling application in which the 
heat is removed from the air at a constant moisture 
content 

Cooling and Dehumidification 

Line (1 -3) represents a cooling and dehumidifi- 
cation process in which there is a simultaneous 
removal of heat and moisture from the air. 

For practical considerations, line (1 - 3) has been 
plotted as a straight line It is, in effect, a line that 
starts at point (1) and curves toward the saturation 
line below point (3) This is indicated by line (1 ■■ 5) 

Sensible Heating 

Sensible heating is illustrated by line (1 - 4)\ heat 
is added to the air at constant moisture content 
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COIL PROCESS EXAMPLES 
To better understand these processes and their 
variations, a description of each with illustrated 
examples is presented in the following: (Refer to 
page 149 lor definition of symbols and abbrevia¬ 
tions.) 

Cooling and Dehumidification 

Cooling and dehumidification is the simultaneous 
removal of the heat and moisture from the air, line 
(1 -3), Fig 48 Cooling and dehumidification occurs 
when the ESHF and GSHF are less than 10 The 
ESHF for these applications can vary from 0 95, 
where the load is predominantly sensible, to 0 45 
where the load is predominantly latent 

The air conditioning load estimate form illus¬ 
trated in Fig 44 presents the procedure that is used 
to determine the ESHF, dehumidified air quantity, 
and entering and leaving air conditions at the ap¬ 
paratus.. Example 1 illustrates the psychrometrics 
involved in establishing these values 
Example 1 — Cooling and Dehumidificaiion 
Given: 

Application — & 10* Store 

Location — Bloomfield, N.. J 
Summer design — 95 F db, 75 F wb 
Inside design - 75 I db 50% rh 
RSH - 200,000 Btu/hr 
RLH — 50.000 Btu/hr 
Ventilation — 2,000 cfm 


Find: 

1. Outdoor aii load (OATH) 

2. Grand total heat (GTH) 

3 Effective sensible heat factor (ESHF) 

4 Apparatus dewpoint temperature (t adp ) 

5. Dehumidified air quantity (cfm da ) 

6 Entering and leaving conditions at the apparatus 


Solution: 

1 OASH = I 08 X 2000 X (95 - 75) = 43,200 Btu/hr (14 

OALH = 68 X 2000 X (99 - 65) = 46,200 Btu/hr (15 

O ATH = 43 200 + 46 200 = 89,400 Btu/hr (17 

2 TSH =200,000 +43.200 = 243 200 Btu/hr (7) 

TLH = 50000 +46 200 = 96,200 Btu/hr (8) 

GTH =243,200 + 96 200 = 339.400 Btu/hr (9) 

3 Assume a bypass factor of 0 15 from Table 62. 

ESHF __ 200,000 + (,15) (43,200) _ 

200,000 + ( 15) (43,200) + 50000 + (.15) (46,200) 

= 785 (26) 

4 Determine the apparatus dewpoint from the room design 
conditions and the ESHF. by either plotting on the psy- 
chrometric chart or using Table 65 . Fig 49 illustrates the 
ESHF plotted on the psychrometric chart 

=50F 


200,000 +(.15) (43,200) 
1 08(75 - 50) (1 - 15) 


NOTE: Numbers in parentheses at right edge of column refer 
to equations beginning on page 150 
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Fig 49 — Cooling and Dehumidification 
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6 Assume for this example that the apparatus selected for 
9 000 cfm, 50 F adp and GTH = 339,400, has a bypass 
factor that is equal or nearly equal to the assumed BF — 
0 15. Also assume that it is not necessary to physically 
bypass air around the apparatus. 


‘,ib ~ <2000 X 95 g^o 70 °° X 75) — 79 45 r <ll) (31, 


Read t gV)b where the t gib crosses the straight line plotted 
between the outdoor and room design conditions on the 
psychrometric chart Fig. 49 
t ewb =S 55F vb 

t ldb =50 +.15 (79 45 - 50) = 54 4 F db (32) 


Determine the t lwb by dialing a straight line between 
the adp and the entering conditions at the apparatus. 
(This is the G-SHF line) Where t, db intersects this line. 


t, = 52 7 F wb 
noo 


Cooling and Dehumidification — High Latent Load 
Application 

On some applications a special situation exists 
if the ESHF and GSHF lines do not intersect the 
saturation line when plotted on the psychrometric 
chart or if they do the adp is absurdly low This 
may occur where the latent load is high with respect 
to the total loads (dance halls, etc) In such appli¬ 
cations, an appropriate apparatus dewpoint is selec¬ 
ted and the air is reheated to the RSHF line 
Occasionally, altering the room design conditions 
eliminates the need for reheat, or reduces the quan¬ 
tity of reheat required.. Similarly, the utilization of 
a large air side surface (low bypass factor) coil may 
eliminate the need for reheat or reduce the required 
reheat 

Once the ventilation air requirement is deter¬ 
mined, and if the supply air quantity is not fixed, 
the best approach to determining the apparatus 
dewpoint is to assume a maximum allowable tem¬ 
perature difference between the supply air and the 
room.. Then, calculate the supply air conditions to 
the space. The supply air conditions to the space 
must fall on the RSHF line to properly offset the 
sensible and latent loads in the space. 

There are four criteria which should be exam¬ 
ined, to aid in establishing the supply air require¬ 
ments to the space. These are: 

].. Air movement in the space 

2. Maximum temperature difference between the 
supply ait and the r oom 

3.. The selected adp should provide an economi¬ 
cal refrigeration machine selection 

4.. In some cases, the ventilation air quantity 
required may result in an all outdoor air 
application 


pie a laboratory application - with.’sLfifeh’|i 
latent load In this example the ESHF iriteneSWe^ 
saturation line, but the resulting adp is!'&:j'I^^; 

Example 2 — Cooling and Dehumidification ■=- High 
Latent Load ' : 

Given: 


Application — Laboratory 
Location Bangor, Maine 
Summer design — 90 F db, 73 F wb 
Inside design — 75 F db 50% rh 
RSH — 120,000 Btu/hr 
RLH - 65 000 Btu/hr 
Ventilation — 2.500 cfm oa 

Temp diff between room and supply air 20 F maximum 
Find: 

1. Outdoor air load (OATH) 

2 Effective sensible heat factor (ESHF) 

3 Apparatus dewpoint (t a dp) 

4 Reheat required 

5 Supply air quantity (cfm sa ) 

6 Entering conditions to coil (t e db> 4u> b, W ea) 

7. Leaving conditions from coil (£ Wb , £i wb ) 

8 Supply air condition to the space (t sa , fE sa ) 

9. Grand total heat (GTH) 


Solution: 

1 OASH = 1 08 X 2500 X (90 75) = 40,500 Btu/hr (14) 

OALH = .68 X 2500 X (95-65) =51.000 Btu/hr (15) 

OATH =40,500 + 51,000 — 91 500 Btu/hr (17) 

2 Assume a bypass factor of 0 05 because of high latent load. 

_ _ 120,000 + (-05) (40,500) _ 

120 000 + (05) (40,500) + 65 .000 + (.05) (51 000) ( 

= 645 ‘ (26) 


When plotted on the psychrometric chart, this ESHF 
(.645) intersects the saturation curve at 35 F With such 
a low adp an appropriate apparatus dewpoint should 
be selected and the aii reheated to the RSHF line. 

3 Refer to Table 65 For inside design conditions of 75 F 
db, 50% rh, an ESHF of .74 results in an adp of 48 F 
which is a reasonable minimum figure 

4 Determine amount of reheat (Btu/hr) required to pro¬ 
duce an ESHF of 74 


ESHF (74) = 


120,000 + .05 (40,500) + reheat 


120 000 + 05 (40 500) + reheat 
?4= 122,025 +reheat 


189,575 +reheat 
reheat = 70 230 Btu/hr 

Determine dehumidifier air quantity (cfma a ) 
ERSH 


65,000 + (.05) 51 000 
(25) 


cf m da — 


1 08 X (1 - BF) (£,„, £,„, 

122,025 + 70,230 


(36) 


= 6940 cfm 


1 08 (1 — 05) (75-48) 
cfmoa is also cfm sa when no air is to be physically by¬ 
passed around the cooling coil 

. _ (2500 X 90) + (4440 X 75) 

6 £edb ~ ‘ 6940 

= 80 4 (31) 

NOTE: Numbers in parentheses at right edge of column refer 
to equations beginning on page 150 
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Fig 50 — Cooling and Dehumidii icaiion 
with High Latent Load 



Read t eic b where the t edb crosses the straight line plotted 
between the outdoor air and room design conditions on 
the psychrometric chart Fig 50 

tgi ob — 66 6 T 

The moisture content at the entering conditions to the 
coil is read from the psychrometric chart 
W ca = 75 9 gr/lb 

7. Determine leaving conditions of air from cooling coil 
Udb = t ad p +BT (tedb ~ tadp) (32) 

-48 + 05 (80 4 -48) 

= 49 6 

h sa — h a ,xp + BT (ll e a l { adp) (34) 

= 19 21 + 05 (31 3 - 19 21) 

= 19.82 
kwb = 49 1 F 

8 Determine supply air temperature to space 

RSH ,oci 

tsa ~ trm 108 (cfm S o ( ) 

_ _ (120,000) 

“ /3 I 08 (6940) 

= 59 F 

. , , , i . . reheat 

t,„ should also equal t- (b -r -r 

1 OS (cjm sa ) 

„ 70230 

= 49 6 + -- 

1 08 (6940 

= 59 F 

JF sa = 511 gr/lb 

Temp diff between room and supply air 
-l-rm-ha- 75 —59 = 16 F 
Which is less than 20 F 

9 GTH = 4 45 X 6940 (3i 3 -19 82) = 354500 £iu/hr (24) 


Cooling and Dehumidification — Using All Outdoor Air 
In some applications it may be necessaty to sup¬ 
ply all outdoor air; for example, a hospital op¬ 
erating room, or an area that requires large 
quantities of ventilation air For such applications, 
the ventilation or code requirements may be equal 
to, or more than, the air quantity required to han¬ 
dle the room loads 

Items I thru 5 explain the procedure for deter¬ 
mining the dehumidified air requirements using the 
Air Conditioning Load Estimate’ form when all 
outdoor air is required 

3 Calculate the various loads and determine the 
apparatus dewpoint and dehumidified air 
quantity. 

2 If the dehumidified air quantity is equal to the 
outdoor air requirements, the solution is self- 
evident.. 

3 If the dehumidified air quantity is less than 
the outdoor air requirements, a coil with a 
larger bypass factor should be investigated 
when the difference in air quantities is small. 
If a large difference exists, however, reheat is 
required This situation sometimes occurs 
when the application requires large exhaust 
air quantities 

4 If the dehumidified air quantity is greater than 
the outdoor air requirements, substitute cfm da 
for cfm oa in the outdoor air load calculations 

5. Use the recalculated outdoor air loads to deter¬ 
mine a new apparatus dewpoint and dehu¬ 
midified air quantity This new dehumidified 
air quantity should check reasonably close to 
the cfm da in Item 1 

A special situation may arise when the condition 
explained in Item 4 occurs. This happens when 
the ESHF, as plotted on the psychrometric chart, 
does not intersect the saturation line. This situa¬ 
tion is handled in a manner similar to that 
previously described under “ Cooling and Dehumid- 
ification — High Latent Load Application ” 

Example 3 illustrates an application where codes 
specify that all outdoor air be supplied to the space. 

Example 3 — Cooling and Dehumidification — 

All Outdoor Air 

Given: 

Application — Laboratory 
Location — Wheeling, West Virginia 
Summer design — 95 T db 75 F w b 
Inside design — 75 F db. 55% rh 
RSH — 50,000 Btu/hr 
RLH - 31,000 Btu/hr 
Ventilation — 1600 cfm 

1 OQ 

All outdoor atr to be supplied to space 
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Find: 

1 Outdoor air load (0\TH) 

2 Effective sensible heat factor (ESHF) 

3. Apparatus dewpoint ( t adp ) 

4 Dehumidified air quantity (cfm da ) 

5 Recalculated outdoor air load (OATH) 

6 Recalculated effectise sensible heat factor (ESHF) 

7 Final apparatus dewpoint temperature (t aip ) 

8 Recalculated dehumidified air quantity (cfm da ) 

Solution: 

1 OASH = 1 08 X 1600 X (9? - 75) = 34,600 Btu/hr (14) 

OALH = 68 X 1600 X (98 5 - 71) = 30 000 Btu/hr (15) 

OATH = 34 600 + 30.000 = 64,600 Btu/hr (17) 

2 Assume a bypass factor of 0 05 from 7 ables 61 and 62 


__ 50, 000 -r (.05) (34,600) _ 

ESHf ” 50 000 + ( 05) (34 600) + 1 i ,000 + ( 05) (30 000) 

= 81 (26) 

3. Table 65 shows that at the given room design conditions 
and effective sensible heat factor t adp = 54 5 F 


4 c f m da 


50,000 + (.05) (34,600) 

1 08 (1 - 05) (75 - 54.5) 


— 2450 cfm 


(36) 


Since 2450 cfm is larger than the ventilation require¬ 
ments and by code all OA is required, the 04. loads, 
the adp and the dehumidified air quantity must be 
recalculated using 2450 cfm as the 0 4 requirements 

5 Recalculating outdoor air load 

OASH = 1 08 X 2450 X (95 - 75) = 53,000 Btu/hr (14) 

OALH = .68 X 2450 X (98 5 - 71) = 46,000 Btu/hr (15) 

OATH = 53 000 + 46000 = 99 000 Btu/hr (17) 


6 ESHF = 


50,000 + (.05) (53,000) 


(50 000) + ( 05) (53 000) + 11,000 + ( 05) (46,000) 

= .80 (26) 


7 U =54F 


50,000 +(.05) (53,000) 
c f m da~ 1 08 (1 - 05) (75 - 54) 


= 2500 cfm 


(36) 


This checks reasonably close to the \alue in Step 4, and 
recalculation is not necessary 


Cooling With Humidification 

Cooling with humidification may be required at 
partial load operation to make up a deficiency in 
the room latent load It may also be used at design 
conditions for industrial applications having rela¬ 
tively high sensible loads and high room relative 
humidity requirements Without humidification, 
excessively high supply air quantities may be re¬ 
quired. This not only creates air distribution prob¬ 
lems but also is often economically unsound 
Excessive supply air quantity requirements can be 
avoided by introducing moisture into the space to 
convert sensible heat to latent heat. This is some- 

NOTE: Numbers in parentheses at right edge of column refer 
to equations beginning on page 150 


1+131 


times referred to as a ‘split system The moisture 
is introduced into the space by using steam or elec¬ 
tric humidifiers or auxiliary sprays. 

When humidification is performed in the space 
the room sensible load is decreased by an amount 
equal to the latent heat added, since the process is 
merely an interchange of heat The humidifier mo¬ 
tor adds sensible heat to the room but the amount 
is negligible and is usually ignored. 

Where humidification is required at design to 
reduce the air quantity, then a credit to the room 
sensible heat should be taken in the amount of the 
latent heat from the added moisture. No credit to 
the room sensible load is taken when humidification 
is used to make up a deficiency in the room latent 
load during partial load operation 

When the humidifiers and sprays are used to re 
duce the required air quantity, the latent load 
introduced into the space is added to the room 
latent load. 

When the humidifier or sprays are operated only 
to make up the room deficiency, the latent load 
introduced into the room by the humidifier or 
auxiliary sprays in the space is not added to the 
room latent load. 

The introduction of this moisture into the space 
to reduce the required air quantity decreases the 
RSHF, ESHF and the apparatus dewpoint This 
method of reducing the required air quantity is 
normally advantageous when designing for high 
room relative humidities. 

The method of determining the amount of moist¬ 
ure necessary to reduce the required air quantity 
results in a trial-and-error procedure The method 
is outlined in the following steps: 

1 Assume an amount of moisture to be added and 
determine the latent heat available from this 
moisture Table 64 gives the maximum moist¬ 
ure that may be added to a space without 
causing condensation on supply air ducts and 
equipment 

2 Deduct this assumed latent heat from the orig- 
nal effective room sensible heat and use the 
difference in the following equation for ERSH 
to determine t adp 

ERSH 

tadv - trm ) 08 X (1 ~ BF) cfm da 

Cfmda is the reduced air quantity permissible 

in the air distribution system. 

3.. The ESHF is obtained from a psychrometric 
chart or Table 65, using the apparatus dew¬ 
point (from Step 2) and room design conditions 
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4 The new effective loom latent load is deter¬ 
mined from the following equation: 


ERLH = ERSH X 


1 - ESHF 
ESHF 


The ERSH is from Step 2 and ESHF is from 
Step 3. 

5. Deduct the original ERLH (before adding 
sprays or humidifier in the space) from the new 
effective room latent heat in Step 4 The result 
is equal to the latent heat from the added 
moisture, and must check with the value 
assumed in Step 1. If it does not check, assume 
another value and repeat the procedure 
Example 4 illustrates the procedure for investi¬ 
gating an application where humidification is ac¬ 
complished within the space to reduce the air 
( ^uantity 


Example 4 — Cooling With Humidification in the Space 
Given: 

Application — A high humidity chamber 
L.ocation — St Louis, Missouri 
Summer design — 95 F db, 78 F wb 
Inside design — 70 F db, 70% vh 
RSH - 160,000 Btu/hr 
RLH-10,000 Btu/hr 
RSHF - 94 

Ventilation — 4000 cfrn oa 
Find: 

A When space humidification is not used: 

1 Outdoor ait load (OATH) 

2. Grand total heat (GTH) 

3 Effective sensible heat factor (ESHF) 

4. Apparatus dewpoint P adp ) 

5 Dehumidified air quantity (cfm da ) 

6 Entering and leaving conditions at the apparatus 

( l edl l exob> t lwbl 

B. When humidification is used in the space: 

' I. Determine maximum ah quantity and assume an 
amount of moisture added to the space and latent 
heat from this moisture 

2 New effective room sensible heat (ERSH) 

3 New apparatus dewpoint (t adp ) 

4 New effective sensible heat factor (ESHF) 

5. New effective room latent heat (ERLH) 

6 Check calculated latent heat from the moisture added 
with amount assumed in Item 1 
7. Theoretical conditions of the air entering the evapora¬ 
tive humidifier before humidification 
8 Entering and leaving conditions at the apparatus 
Kxob’ t \db' t lwb) 

Solution: 

A When space humidification is not used: 


1 OASH = 1 08 X 4000 X ( 95-70) = 108,000 Bcu/hr (14) 
OALH = .68 X 4000 X (117-77) = 109,000 Btu/hr (15) 
OATH- 108,000 + 109,000 = 217,000 Btu/hr (17) 


NOTE: Numbers in parentheses at right edge of column refer 
to equations beginning on page 150 


2 GIH = 160,000 + 10,000 + 108,000 + 109,000 (9) 

= 387,000 Btu/hr 

3 Assume a bypass factor of 0 05 from Tables 61 and 62 

160,000+(.05)(108,000) 

160,000+10,000+(.05)(108,000)+(.05)(109000) 
= 92 (26) 

4 Plot the ESHF on a psychrometric chart and read the 
adp (dotted line in Tig 51) 


U ^ 595 1 


C f m *o = 


_ 160,000 + (,05)(108,000) _ 


1 08(1 - 05)(70 — 59 5) 


= 15 400 cfm 


(31) 

Read t fwb where the f g£jb crosses the straight line 
plotted between the outdoor and room design condi¬ 
tions on the psychrometric chart (Tig 51). 

/ e)t6 =67 9 F wb 

t idb ~ 59 5 + 05 ( 76 7 “ 59 5 ) = 60 4 F db (32) 

Determine the t lwb by drawing a straight line between 
the adp and the entering conditions to the apparatus 
(the GSHF line) Where £ fd& intersects this line, read 
the 51 ) 
hsob = 60 f wb 

B When humidification is used in the space: 

1 Assume, for the purpose of illustration in this problem, 
that the maximum air quantity permitted in the air 
distribution system is 10.000 cfm Assume 5 grains of 
moisture per pound of dry air is to be added to con 
vert sensible to latent heat. The latent heat is calcu¬ 
lated by multiplying the air quantity times the 
moisture added times the factor 68 

5 X 10,000 X .68 = 34,000 Btu/hr 

2 New ERSH = Original ERSH — latent heat of added 

moisture 

= [160,000 +(05 X 108000)] - 34000 
= 131,400 Btu/hr 

131,400 

3 W - 70 “ i 08 (1 - .05) (10,000) “ 57 2 1 ( 36 > 

4 ESHF is read from the psychrometric chart as 73 
(dotted line in Fig 52) 


New ERLH = New ERSH X 


1 - ESHF 
ESHF 


1 — 73 

= 131.400 X- - - 

= 48,600 Btu/hr 

6 Check for latent heat of added moisture 
Latent heat of added moisture 

= New ERLH - Original ERLH 
= 48,600 - [10 000 + ( .05 X 109000)] 

= 33 200 Btu/hr 

This checks reasonably close with the assumed value 
in Step I (34 000 Btu/hr) 

7. Psychrometrically, it can be assumed that the atom¬ 
ized water from the spray heads in the space absorbs 
part of the room sensible heat and turns into water 
vapor at the final room wet-bulb temperature The 
theoretical dry bulb of the air entering the sprays is 
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at the intersection of the room design wet-bulb line 
and the moisture content of the air entering the sprays. 
This moisture content is determined by subtracting 
the moisture added by the room spravs from the room 
design moisture content 
Moisture content of air entering humidifier 
= 77 - 5 - 72 gr/lb 

The theoretical dry-bulb is determined from the 
psychrometric chart as 73 3 db, illustrated on Fig 52 

» o,d> (3D 

Read t gicb where the t tdb crosses the straight line 
plotted between the outdoor and room design con 
ditions on the psychrometric chart (Fig 52) 



Tic. 51 — Cooling and Dehumidification 
Adding No Moisture io the Space 


t . = 69 8 I wb 

ewb 

t ldb = 57 2 4 (05)(80 - 57 2) = 58 4 F db (32) 

Determine < ijcb by drawing a straight line between 
the adp and the entering conditions to the apparatus 
(GSHF line). Where f jd6 intersects this line, read the 

‘m (*% ”)■ 

^ = 5SIwb 

The straight line connecting the leaving condi¬ 
tions at the apparatus with the theoretical condition 
of the air entering the evaporative humidifier repre¬ 
sents the theoretical process line of the air.. This 
theoretical condition of the air entering the humidi¬ 
fier represents what the room conditions are if the 
humidifier is not operating The slope of this theo¬ 
retical process line is the same as RSHF ( 94) 

The heavy lines on Pig 52 illustrate the theo¬ 
retical air cycle as air passes through the condition¬ 
ing apparatus to the evaporative humidifier, then 
to the room, and finally back to the apparatus where 
the return air is mixed with the ventilation air. 
Actually, if a straight line were drawn from the 
leaving conditions of the apparatus (58 4 fi db, 58 
F wb) to the room design conditions, this line would 
be the RSHF line and would be the process line for 
the supply air as it picks up the sensible and latent 
loads in the space (including the latent heat added 
by the sprays) 

The following two methods of laying out the 
system are recommended when the humidifier is to 
be used for both partial load control and reducing 
the air quantity 



OUTOOQR 
DESIGN 7 


^—CONDITION OF AIR 
ENTERING APPARATUS 


■ 77 gr/lb 

■ 7Zgr/lb 


ROOM 

DESIGN 


CONDITION OF AH 
LEAVING APPARATUS 


-EVAPORATIVE. COCLING 

N THEORETICAL C 
OF AIR ENTERIN 
HUMIDIFIER 

MIHTIOM 

EVAfi 


Fig.. 52 — Cooling and Dehumidieicaiton 
Adding Moisture Into the Space 


1 . 


2 


Use two humidifiers; one to operate continu¬ 
ously, adding the moisture to reduce the air 
quantity, and the other to operate intermit¬ 
tently to control the humidity. The humidifier 
used for partial load is sized for the effective 
room latent load, not including that produced 
by the other humidifier If the winter require¬ 
ments for moisture addition are larger than 
summer requirements, then the humidifier is 
selected for these conditions This method of 
using two humidifiers gives the best control 

Use one humidifier of sufficient capacity to 
handle the effective room latent heat plus the 
calculated amount of latent heat from the 
added moisture required to reduce the air- 
quantity.. In Part B, Step 5, the humidifier 
would be sized for a latent load of 48,600 



Btu/hr 


'v'T- 
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Sensible Cooling 

A sensible cooling process is one that removes 
heat from the air at a constant moisture content, 
line (1-2), Fig 48 Sensible cooling occurs when 
either of the following conditions exist: 

1 The GSHF as calculated or plotted on the 
psychr ometric chart is 1.0 

2 The ESHF calculated on the air conditioning 
load estimate form is equal to 1 0 

In a sensible cooling application, the GSHF 
equals 1.0 The ESHF and the RSHF may equal 
1 0. When only the RSHF equals 1 0, however, it 
does not necessar ily indicate a sensible cooling proc¬ 
ess because latent load, introduced by outdoor air 
can give a GSHF less than I 0 

( The apparatus dewpoint is referred to as the effec¬ 
tive surface temperature (t„) in sensible cooling 
applications The effective surface temperature 
must be equal to, or higher than, the dewpoint 
temperature of the entering air In most instances, 
the t ea does not lie on the saturated line and, there¬ 
fore, will not be the dewpoint of the apparatus. 
However, the calculations for ESHF, t adp and cfm da 
may still be performed on the air conditioning load 
estimate form by substituting the term t es for t adp 
The use of the term cfm da in a sensible cooling 
application should not be construed to indicate 
that dehumidification is occurring It is used in the 
“Air Conditioning Load Estimate" form and in 
Example 5 to determine the air quantity required 
thru the apparatus to offset the conditioning loads 

The leaving air conditions from the coil are dic¬ 
tated by the room design conditions, the load and 
( the required air quantity.. The effective surface tem¬ 
perature may be found by using equation 36 

Example 5 illustrates the method of determining 
the apparatus dewpoint or the effective surface tem¬ 
perature for a sensible cooling application 


Example 5 — Sensible Cooling 



Given: 

Location — Bakersfield, California 
Summer design — 105 F db 701 wb 
Inside design — 75 F db, 50% maximum rh 
RSH - 200.000 Btu/hr 
RL.H~50.000 Btu/hr 
Ventilation — 13.000 cfm„ a 


Find: 

1.. Outdoor air load (OATH) 

2 Grand total heat (GTH) 

3.. Grand sensible heat factor (GSHF) 


4 Effective sensible heat factor (ESHF) 

5 Apparatus dewpoint (t Bdp ) or the effective surface temp 

fW 

6 Dehumidified air quantity (cfm ia ) 

7 Entering and leaving conditions at the apparatus (t tib , 

h dti ) 


Solution: 

1 OASH = 1 08 X (105 - 75) X 13,000 = 420,000 Btu/hr (14) 
OALH = 68 X( 54-64) X 13,000 = -88 500 Btu/hi (15) 
The latent load is negative and a greater absolute value 
than the room latent load Therefore, the inside design 
conditions must be adjusted unless there is a means to 
humidify the air. 

Room latent heat = 50,000 Btu/hr 

50,000 

68 X 13 000 = 5965 & iains 
(15) 


Room moisture content = 54 + - 


Adjusted inside design — 75 F db, 59 65 grains 
OALH = .68 X (54-59.65) XI3.000 = -50 000 Btu/hr 
OAIH = 420,000 + (- 50,000) = 370,000 Btu/hr 
TSH =200,000+ 420,000 = 620,000 Btu/hr 
TIH = 50.000+ (- 50:000) = 0 
GIH = 620 000 + 0 = 620,000 Btu/hr 


3 GSHF = 


620,000 




620,000 

This is a sensible cooling application since GSHF = I 
4 Assume a bypass factor of 0 05 from tables 61 and 62 
ESHF = 

200,000 + (.05) 420,000 


(15) 

(17) 

(?) 

( 8 ) 

(9) 

(27) 


200,000 + (05) 420 000 + 50.000 + (05) (- 50 000) 


= 823 


(26) 

5 Plot the ESHF to the saturation line on the psychro- 
metric chart The apparatus dewpoint is read as t od( , = 
48 8 F fig 53.. 

200,000+ (.05) 420, 000 221,000 

6 cfm da - ! 08 x (75 _ 4 8 8 ) 0 5) = 26 9 “ 8230 CIM 

(36) 

Since the dehumidified air quantity is less than the out¬ 
door ventilation requirements, substitute the cfm ta for 
cfm ia This results in a new effective surface temperature 
which does not lie on the saturated line. 

200,000 + (.05) 420,000 

tc ‘ “ 75 “ 1.08 X (1 - 05) X 13,000 ~ 58 4 F ( 36 ) 

This temperature t c ,, falls on the GSHF line. 


7. This is an all outdoor air application since the cfm da is 
less than the ventilation requirements therefore: 
t«u — — 105F 

t.„» = 70F 

Calculate the t, a which equals the t ldb by substituting t r . 
for t adp in equation (28) 

tun = t„ = 105 - (I - 05) (105 - 58.4) = 60 7 F (28) 

Determine the t lv , b by drawing a straight line between 
the t e , and the entering conditions at the apparatus. (This 
is the GSHF line) Where t ldb intersects this line read t lxb . 
t IKb = 54 6F 


In Example 5, the assumed 05 bypass factor is 
used to determine t C3 and dehumidified air quantity. 
Since the dehumidified air quantity is less than the 


NOTE: Numbers in parentheses at right edge of column refer 
to equations beginning on page 150 
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ventilation air requirement, the ..05 bypass factor is 
used again to determine a new t es , substituting the 
ventilation air requirement for the dehumidified 
air quantity, The new t c3 is 58.4 F 



Fig 53 — Sensible Cooling 


If a coil with a higher bypass factor is substituted 
in Example 5, a lower t es results Under these con¬ 
ditions, it becomes a question of economic balance 
when determining which coil selection and which 
refrigerant temperature is the best for the applica¬ 
tion For instance, the maximum possible coil by¬ 
pass factor that can be used is 19 This still results 
in a t cs above 50 3 F and at the same time maintains 
a dehumidified air cfm of 13,000 which equals the 
ventilation requirements 

SPRAY CHARACTERISTICS 

In the operation of spray type equipment, air 
is drawn or forced thru a chamber where water is 
sprayed thru nozzles into the air stream The spray 
nozzles may be arranged within the chamber to 
spray the water counter to air flow, parallel to air 
flow, or in a pattern that is a combination of these 
two Generally, the counter-flow sprays are the most 
efficient; parallel flow sprays are the least efficient; 
and when both are employed, the efficiency falls 
somewhere in between these extremes 

SATURATION EFFICIENCY 

In a spray chamber, air is brought into contact 
with a dense spray of water. The air approaches the 
state of complete saturation. The degree of satura¬ 
tion is termed saturation efficiency (sometimes called 
contact or performance factor) Saturation efficiency 
is, therefore, a measure of the spray chamber effi¬ 


ciency. It can be considered to represent that portion 
of the air passing thru the spray chamber which 
contacts the spray water surface This contacted air 
is considered to be leaving the spray chamber at 
the effective surface temperature of the spray water 
This effective surface temperature is the tempera¬ 
ture at complete saturation of the air 

Though not a straight line function, the effect 
of satur ation efficiency on the leaving air conditions 
from a spray chamber may be determined with a 
sufficient degree of accuracy from the following 
equation: 

Sat Eff _ tldb _ If es ~~~ IT'A __ ^ea 

tedb I on W" ^ca 

The saturation efficiency is the complement of 
bypass factor, and with spray equipment the bypass 
factor is used in the calculation of the cooling load.. 
Bypass factor, therefore, represents that portion of 
the air passing thru the spray equipment which is 
considered to be leaving the spray chamber com¬ 
pletely unaltered from its entering condition 

This efficiency of the sprays in the spray chamber 
is dependent on the spray surface available and on 
the time available for the air to contact the spray 
water surface. The available surface is determined 
by the water particle size in the spray mist (pressure 
at the spray nozzle and the nozzle size), the quantity 
of water sprayed, number of banks of nozzles, and 
the number of nozzles in each bank The time avail¬ 
able for contact depends on the velocity of the air 
thru the chamber, the length of the effective spray 
chamber, and the direction of the sprays relative to 
the air flow As the available surface decreases or as 
the time available for contact decreases, the satura¬ 
tion efficiency of the spray chamber decreases. Table 
63 illustrates the relative efficiency of different spray 
chamber arrangements 

The relationship of the spray water temperatures 
to the air temperatures is essential in understanding 
the psychrometrics of the various spray processes It 
can be assumed that the leaving water temperature 
from a spray chamber, after it has contacted the air, 
is equal to the leaving air wet-bulb temperature.. 
The leaving water temperature will not usually vary 
more than a degree from the leaving air wet-bulb 
temperature Then the entering water temperature 
is, therefore, dependent on the water quantity and 
the heat required to be added or removed from 
the air 

Table 63 illustrates the relative efficiency of differ¬ 
ent spray chamber arrangements. 
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TABLE 63—TYPICAL SATURATION EFFICIENCY* 


For Spray Chamber* 


NO 
- OF 
BANKS 

DIREC¬ 

TION 

OF 

WATER 

SPRAY 

lA" NOZZLE 
(25 psig 

Nozzle Pressure 

3 gpm/sq ftf) 

i/ 8 " NOZZLE 
(30 psig 

Nozzle Pressure 

2 5 gpm/sq ftf) 

Velocity! (fpm) 

300 

700 

300 

700 


Parallel 

70% 

50% 

80% 

60% 


Counter. 

75% 

65% 

82% 

70% 


Parallel 

90% 

85% 

92% 

87% 

2 

Opposing 

98% 

92% 

98% 

93% 


Counter' ; 

.99% 

93% 

99% 

94% 


•Saturation efficiency = I — BF 
Gpm/sq ft of chamber face area 

-{Velocities above 700 fpm and below BOO fpm normally do 
not permit eliminators to adequately remove moisture from 
the air Reference to manufacturers data is suggested for 
limiting velocity and performance 

SPRAY PROCESSES 

Sprays ate capable of cooling and dehumidifying, 
sensible cooling, cooling and humidifying, and 
heating and humidifying Sensible cooling may be 
accomplished only when the entering air dewpoint 
is the same as the effective surface temperature of 
the spray water 

The various spray processes are represented on 
the psychrometric chart in Fig. 54. All process lines 
must go toward the saturation line, in order to be 
at or near satur ation 

Adiabatic Saturation or Evaporative Cooling 

Line (1- 2) represents the evaporative cooling 
\rocess This process occurs when air passes thru 
a spray chamber where heat has not been added to 
or removed from the spray water. (This does not 
include heat gain from the water pump and thru 
the apparatus casing.) When plotted on the psy- 
chrometric chart, this line approximately follows 
up the line of the wet-bulb temperature of the air 
entering the spray chamber.. The spray water tem¬ 
perature remains essentially constant at this wet- 
bulb temperature. 

Cooling and Humidification — With Chilled Spray Water 
If the spray water receives limited cooling before 
it is sprayed into the air stream, the slope of the 
process line will move down from the evaporative 
cooling line. This process is represented by line 
(1 -3). Limited cooling causes the leaving air to be 
lower in dry- and wet-bulb temperatures, but higher 
in moisture content, than the air entering the spray 
chamber. 



F ic 54 — Spray Processes 


Sensible Cooling 

If the spray water is cooled further, sensible 
cooling occurs.. This process is represented by line 
(1 -4) Sensible cooling occurs only when the enter¬ 
ing air dewpoint is equal to the effective surface 
temperature of the spray water; this condition is 
rare In a sensible cooling process, the air leaving 
the spray chamber is lower in dry- and wet-bulb 
temperatures but equal in moisture content to the 
entering air 

Cooling and Dehumidification 

If the spray water is cooled still further, cooling 
and dehumidification takes place This is illustrated 
by line (1 -5). The leaving air is lower in dry- and 
wet-bulb temperatures and in moisture content 
than the air entering the spray chamber 

Cooling and Humidification —■ With Heated Spray Water 

When the spray water is heated to a limited de¬ 
gree before it is sprayed into the air stream, the 
slope of the process line rises to a point above the 
evaporative cooling line This is illustrated by line 
(1 - 6) Note that the leaving air is lower in dry-bulb 
temperature, but higher in wet-bulb temperature 
and moisture content, than the air entering the spray 
chamber 

Heating and Humidification 

If the spray water is sufficiently heated, a heating 
and humidification process results This is repre¬ 
sented by line (1-7).. In this process the dry-bulb 
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temperature, wet-bulb temperature, and moisture 
content of the leaving air is greater than that of the 
entering air 

SPRAY PROCESS EXAMPLES 

The following descriptions and examples provide 
a better understanding of the various psychrometric 
processes involved in spray washer equipment. 

Cooling and Dehumidification 

When a spray chamber is to be used for cooling 
and dehumidification, the procedure for estimating 
the load and selecting the equipment is identical 
to the procedure described on page 128 for coils 
The “Air Conditioning Load Estimate ’ form is used 
to evaluate the load; bypass factor is determined by 
subtracting the selected saturation efficiency from 
one Spray chamber dehumidifiers may not be rated 
in terms of apparatus dewpoint but in terms of 
entering and leaving wet-bulb temperatures at the 
apparatus The apparatus dewpoint must still be 
determined, however, to evaluate properly the en¬ 
tering and leaving wet-bulb temperatures and the 
dehumidified air quantity 

Although originally prepared to exemplify the 
operation of a coil, Example 1, page 128, is also 
typical of the cooling and dehumidifying process 
using sprays. 

Cooling and Dehumidification — Using All Outdoor Air 

When a spray chamber is to be used for cooling 
and dehumidifying with all outdoor air, the pro¬ 
cedure for determining adp, entering and leaving 
conditions at the chamber, ESHF and cfm da is 
identical to the procedure for determining these 
items for coils using all outdoor air Therefore, the 
description on page 130 and Example 3 may be used 
to analyze this type of application 

Evaporative Cooling 

An evaporative cooling application is the simul¬ 
taneous removal of sensible heat and the addition 
of moisture to the air, line (1 -2), Fig 54. The spray 
water temperature remains essentially constant at 
the wet-bulb temperature of the air This is a process 
in which heat is not added to or removed from the 
spray water (Heat gain from the water pump and 
heat gain thru the apparatus casing are not in¬ 
cluded ) 

Evaporative cooling is commonly used for those 
applications where the relative humidity is to be 
controlled but where no control is required for the 
room dry-bulb temperature, except to hold it above 
a predetermined minimum.. When the dry-bulb 


temperature is to be maintained during the winter 
or intermediate season, heat must be available to 
the system. This is usually accomplished by adding 
a reheat coil.. When relative humidity is to be main 
tained in addition to room dry-bulb during dre 
winter or intermediate season, a combination of 
preheat and reheat coils, or a reheat coil and spray 
watei heating, is required. The latter method 
changes the process from evaporative cooling to 
one of the humidification processes illustrated by 
lines (1 - 6) or (1 - 7) in Fig. 54 

Evaporative cooling may be used in industrial 
applications where the humidity alone is critical, 
and also in dry climates where evaporative cooling 
gives some measure of relief by removing sensible 
heat. 

Example 6 illustrates an industrial application 
designed to maintain the space relative humidity 
only 

Example 6 — Evaporative Cooling 
Given: 

An industrial application 

Location — Columbia, South Carolina 

Summer design — 95 F db. 75 F wb 

Inside design — 55% rh 

RSH - 2.100,000 Btu/hr 

RSHF - 1 0 

Use all outdoor ait at design load conditions 
Find: 

1 Room dry-bulb temperature at design (t fm ) 

2 Supply air quantity (cfm sa ) 



Fic.55 — Evaporative Cooling, With Varying 
Saturation Efficiency 
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Solution: 

1 Determine the room dry-bulb temperature by com 
promising between the spray saturation efficiency the 
acceptable room dry-bulb temperature and the supply 
air quantity. To evaluate these items, use the following 
equation to determine the leaving conditions from the 
spray for various saturation efficiencies: 

The room dry-bulb temperature in the following table 
results from various spray saturation efficiencies and is 
determined by plotting the RSHF thru the various leav¬ 
ing conditions, to the design relative humidity. Fig 55 
Note that the supply air temperature rise decreases more 
rapidly than the room dry-bulb temperature Cor¬ 
respondingly, as the supply air temperature rise de¬ 
creases, the supply air quantity increases in the same 
proportion 



2 Calculate the supply ait quantity for the various tem¬ 
perature rises from the following equation: 


RSH 



The spray chamber and supply air quantity should 
then be selected to result in the best owning and opera¬ 
ting costs. The selection is based primarily on economic 
considerations 

Evaporative Cooling Used With A Split System 

There are occasions when using straight evapora¬ 
tive cooling results in excessive air quantity require¬ 
ments and an unsatisfactory air distribution system 
This situation usually arises in applications that 
are to be maintained at higher relative humidities 
(70% or more). To use straight evaporative cooling 
with the large air quantity, or to use a split system 

•This equation is applicable only to evaporative cooling appli¬ 
cations where the entering air wet-bulb temperature, the 
leaving air wet-bulb temperature, and the entering and leav¬ 
ing water temperature to the sprays are all equal: 


with the auxiliary sprays in the space, becomes a 
problem of economics which should be analyzed 
for each par ticular application 

When a split system is used, supplemental spray 
heads are usually added to the straight evaporative 
cooling system. These spray heads atomize water 
and add supplementary moisture directly to the 
room. This added moisture is evaporated at the 
final room wet-bulb temperature, and the room 
sensible heat is reduced by the amount of heat 
required to evaporate the sprayed water 

Table 64 gives the recommended maximum mois¬ 
ture to be added, based on a 65 F db room tempera¬ 
ture or over, without causing condensation on the 
ductwork 


TABLE 64—MAXIMUM RECOMMENDED 
MOISTURE ADDED TO SUPPLY AIR 

Without Cauting Condensation on Ductst 


ROOM ! 

. DESIGN 

v„rV RH 

MOISTURE \ 
i T pr/CU Ft ^ 
j ••»<' -Dry All .*$f£ 

- ROOM 
i DESIGN 
RH 

MOISTURE 
Gr/Cu Ft 
: Dry Air 

85 

. 125 

;-.A; 65 - 

1 50 

80 



■ '160 

75 

1 35 7 

. , 55 K 

1 70 

fs, 70 

ft 

'a: .so P 

1.80 


f These are arbitrary limits which have been established by a 
combination of theory and field experience These limits ap 
ply where the room dry--bulb temperature is 65 F db or over 


As a rule of thumb, the air is reduced in tempera¬ 
ture approximately 8 3 £ for every grain of moisture 
per cubic foot added. This value is often used as 
a check on the final room temperature as read 
from the psychrometric char t 

Example 7 illustrates an evaporative cooling ap¬ 
plication with supplemental spray heads used in 
the space. 

Example 7-Evaporative Cooling—With Auxiliary Sprays 

Given: 

An industrial application 

Location — Columbia, South Carolina 

Summer design — 95 T db 75 F wb 

Inside design — 70% rh 

RSH -2 100,000 Btu/hr 

RSHF - TO 

Moisture added by auxiliary spray heads — 19 gr/Ib (13 9 
cu ft/lb X 1 4 gr/cu ft) 

Use all outdoor air thru a spray chamber with 90% satura¬ 
tion efficiency. 

Find: 

! Leaving conditions from spray chamber (t m , t {wb ) 

2. Room dry-bulb temperature (t^) 

3 Supply air quantity (cfm sa ) with auxiliary sprays 

4 Supply air quantity (cfm 8a ) without auxiliary sprays 
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Fig 56 — Evaporaiive Cooling, With Auxiliary 
Sprays Wiihin the Space 

Solution: 

1 hdl ~ l edb ~ ( Sat ^edb ~ C ewb ) 

= 95 - 90 (95 - 75) = 77 F db 
t lwb is the same as the t ewb in an evaporative cooling 
process, Fig 56 

2 Room dry bulb temperature is evaluated by determining 
the moisture content of the space 

w = W +19 = l28 + 19 = M7gr/U> 

' rm 8a 

The 19 gr/lb is the moisture added to the space by the 

auxiliary spray heads 

The t is the point on the psychrometric chart where 
the W r ‘ m intersects the 70% design relative humidity 
line, Pig 56 

t - 89 2 F db 

rm 

3. Psychrometiicaily, it can be assumed that the atomized 
water from the spray heads absorbs part of the room 
sensible heat and turns into water vapor at the final 
room wet-bulb temperature The intersection of this wet- 
bulb temperature with the moisture content of the air 
leaving the evaporative cooler is the theoretical dry-bulb 
equivalent temperature if the auxiliary sprays were not 
operating The difference between this theoretical dry- 
bulb equivalent temperature and the temperature of the 
spray chamber, t Jdb , is used to determine the supply air 
quantity 

t fdb (from spray chamber) = 77 F 

The theoretical dry bulb temp is 100 75 F, Fig 56 

T emp rise = 23 75 F db 


RSH 2,100,000 

c f m sa = 1 08 X temp rise ~ 1 08 X 23 75 “ 82,000 c£m 

4 If no auxiliary sprays were to be used, the room design 
dry-bulb would be where the RSHF line intersects the 
room design relative humidity From Fig 56, che room 
dry bulb is read 

l = 84 7 F db 

_ rm 

The supply air quantity required to maintain the room 
design relative humidity is determined from the following 
equation: 

RSH _ 2,100,000 

c f m au ~ 1 08 (t rm - t m ) 1 08 (84 7 - 77) 

= 253,000 cfm 

This air quantity is over three times the air quantity 
required when auxiliary sprays are used in the space. 
However, it should be noted that by reducing the air 
quantity, the room dry-bulb temperature increased from 
84 7 F to 89 2 F 

Heating and Humidification — With Sprays 

A heating and humidifying application is one in 
which heat and moisture are simultaneously added 
to the air, line (1 - 7), Fig 54. This may be required 
during the intermediate and winter seasons or dur¬ 
ing partial loads where both the dry-bulb tempera¬ 
ture and relative humidity are to be maintained 
Heating and humidification may be accomplished 
by either of the following methods: 

1. Add heat to the spray water before it is 
sprayed into the air stream 
2 Preheat the air with a steam or: hot water 
coil and then evaporatively cool it in the spray 
chamber 

Spray water is heated, by a steam to water inter- 
changer or by direct injection of steam into the 
water system Since the supply air quantity and the 
spray water quantity have been determined from 
the summer design conditions, the only other re¬ 
quirement is to determine the amount of heat to 
be added to the spray water or to the preheater 
For applications requiring humidification, the 
room latent load is usually not calculated and the 
room sensible heat factor is assumed to be 1 0. 

Example 8 illustrates the psychrometric calcula¬ 
tions for a heating and humidifying application 
when the spray water is heated. It should be noted 
that this type of application occurs only when the 
quantity of outdoor air required is large in relation 
to the total air- quantity. 

Examp/e 8 — Healing and Humidification — 

With Heated Spray Water 

Given: 

An industrial application 
Location — Richmond, Virginia 
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Winter design - 15 P db 

Inside design — 72 f db, 35% rh 

Ventilation - 50,000 cfm M (see explanation above) 

Supply air — 85,000 cfm aa 

Design room heat loss — 2 500,000 Btu/hr 

Spray saturation efficiency — 95% 

RSHF (winter conditions) — 1 0 
Make up water — 65 F 

Find: 

1 Supply air conditions to the space (t ia ) , 

2 Entering and leaving spiay water temperature (t gw l llc ) 

3 Heat added to spray water to select water heater 


Solution: 


design room heat loss ^ ^ 
t sa = 108 X c/m,” rm 

„■ 2300,000, +72 =g92fdb 

"" 1 08 X 85,000 

To determine the wet-bulb temperature, plot the RSHF 
line on the psychrometric chart and read the wet-bulb 
at the point where t sa crosses this line (Fig. 57) Supply 
air wet-bulb to the space = 65 8 F wb 


2 To determine the entering and leaving spiay water 
temperature, calculate the entering and leaving air condi¬ 
tions at the spray chamber: 


115 X50,000) +(72 .X 3500 0)_ = 38 5 r d!) (3 l) 

‘edB = 85,000 

To determine wet-bulb temperature of the air entering 
the spray chamber, plot the mixture line of outdoor and 
return room air on the psychrometric chart, and read 


the wet-bulb temperature where t gd6 crosses the mixture 
line, Fig 54. 
t = 32.4Fwb 

I he air leaving the spray chamber must have the same 
moisture content as the air in the room 


W 


, — W la — 41 gr/Ib 


rm is _ . f 

Since the-spray chamber has a saturation efficiency of 
95%, the moisture content of completely saturated air 
is calculated as follows: 


W 


sat 


W — W 

— to ea 4 W 


Sat Eff 
41 - 17 
95 


4 17 = 42 3 gr/lb 


The heating and humidification process line is plotted 
on the psychrometric chart between the moisture content 

of saturated air (42.3 gr/lb) and the ^ 

to the spray chamber (38 5 I db and 32 4 F wb), Fig 57 

The leaving conditions are read from t^e psydrromemc 
chart where the room moisture content line (41 gr/lb) 
intersects the heating and humidification process line. 

Fig. 57 

f)d6 =43 6 Fdb 
t =43 4 F wb 

The temperature of the leaving spray water is approxi¬ 
mately equal to'the wet-bulb temperature of the air 
leaving the spray chamber. 

I ,=43 4 F 
ho 


■ Numbers in parentheses at right edge of column refer 
hpo-innine on ptige 150 
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The tempeiature of the entering spray water is decade 
on the water quantity and the heat to be added or 
removed from the air In this type of application the 
w ater quantity is usually dictated by the cooling 
de^gn requirements Assume for illustratron purposes 
that thb spray washer is selected for 110 gpm 
cooling 

The heat added to the air as it passes through the washer 
= c fm aa X4 45 X (h la — hj 
= 85,000 X 4 45 X (16 85 - 12) 

= 1,830,000 Btu/hr 

The entering water temperature is determined from the 
following equation: 

heat added to air 


t — t 

ew 


Iw 


+ ■ 


= 43 4 4 
= 76,8 F 


500 X gpm 
1,830,000 
500 X 110 


The heat added to the spray water (for selecting spray 
water heater) is equal to the heat added to the a.r pi 
Che heat added to the make-up water. The amount o 
make up water is equal to the amount of nrO‘sture eva R 
orated into the air and is determined from the following 
equation: 

C/ m ,a < W la ~ W ea) 

Make up water ~ "^oOX 12 7 X 8.34 


where: 

W 


ea- 


7000 
12 7 


8 34 


= moisture content of the air entering and 
leaving the spray washer in grains per 
pound of dry air 

= grains of moisture per pound of dry air 
= volume of the mixture in cubic feet per 
pound of dry air, determined from psy 
chrometric chart 
= water in pounds per gallon 

85,000 (41 — 17)— _ 0 0 m 

Make-up water = 70 00 X 12 7 X 8.34 A 
The heat added to the make-up spray water is determined 
from the following equation: 

Heat added to make-up water 

=r gpm X 500 (f eto - make-up water temp) 

= 2 8 X 500 (76 8 - 65) 

= 16,200 Btu/hr 

To select a water heater, the total amount of heat added 
to the spray water is determined by totaling the heat 
added to the air and the heat added to the make-up 
spray water. 1 

Heat added to spray water 

= 1,830 000 + 16200 
= 1,846 200 Btu/ht 

If the make-up water was at a higher temperature than 
the required entering water temperature to the sprays 
then a credit to the heat added to the spray water may 

be taken 

In this example a reheat coil is required to heat 
the air leaving the spray chamber, at 43 6 T db and 
at a constant moisture content of 41 gr/lb, to the 
required supply air temperature of 99 2 F db. 

The requirements of the application illustrated 
in Example 8 can also be met by preheating the 


outdoor aii and mixing it with the return air from 
the space This mixture must then be evaporatively 
cooled to the room dewpoint (or room moisture 
content). And finally, the air leaving the spray 
chamber must be reheated to the required supply 
air temperature. 

SORBENT DEHUMIDIFiERS 

Sorbent dehumidifiers contain liquid absorbent 
or solid adsorbent which are either sprayed di¬ 
rectly into, or located in, the path of the air stream 
The liquid absorbent changes either physically or 
chemically, or both, during the sorption process. 
The solid adsorbent does not change during the 
sorption process. 

As moist air comes in contact with either the 
liquid absorbent or solid adsorbent, moisture 
removed from the air by the difference in vapor 
pressure between the air stream and the sorbent As 



f !G 58 -Sorbent Dehumidieicahon Processes 

us moisture condenses, latent heat of condensa 
on is liberated, causing a rise in the temperature 
£ the air stream and the sorbent material. This 
,recess occurs at a wet-bulb temperature that is 
ppioximately constant. However, instead of add- 
L moisture to the air as in an evaporative cooling 
rrocess, the reverse occurs.. Heat is added to the an 
L nd moisture is removed from the ah stream; thus 
t is a dehumidification and heating process as U- 
ustrated in fig. 58 Line (1-2) is the theoretics 
process and the dotted line (1 -3) approximates what 
actually happens Line (1 -3) can vary, depending 
3 n the type of sorbent used 
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PSYCHROMETRICS OF PARTIAL LOAD CONTROL 


The apparatus tequiied to maintain proper 
space conditions is normally selected for peak load 
operation. Actually, peak load occurs but a few 
times each year and operation is predominantly 
at partial load conditions Partial load may be 
caused by a reduction in sensible or latent loads in 
the space, or in the outdoor air load. It may also be 
caused by a reduction in these loads in any com¬ 
bination 

PARTIAL LOAD ANALYSIS 

Since the system operates at partial load most 
ol the time and must maintain conditions com¬ 
mensurate with job requirements, partial load 
analysis is at least as important as the selection 
of equipment Partial load analysis should include 
a study ol resultant room conditions at minimum 
total load. Usually this will be sufficient Certain 
applications, however, should be evaluated at mini¬ 
mum latent load with design sensible load, or 
minimum sensible load and Cull latent load.. Real¬ 
istic: minimum and maximum loads should be 
assumed for the particular application so that, psy- 
du omen really, the resulting room conditions are 
properly analyzed 

The six most common methods, used singly or in 
combination, ol controlling space conditions for 
cooling applications at partial load are the fol¬ 
lowing: 

1 Reheat the supply air 

2 Bypass the heat transfer equipment. 

3. Control the volume of the supply air. 

4 Use on-off control of the air handling equip¬ 
ment 

5 Use on-off control of the refrigeration machine 

6 Control the refrigeration capacity. 

The type of control selected for a specific applica¬ 
tion depends on the nature of the loads, the condi¬ 
tions to be maintained within the space, and 
available plant facilities. 

REHEAT CONTROL 

Reheat control maintains the dry-bulb tempera- 
trn e wi chin the space by replacing any decrease in 
the sensible loads by an artificial load. As the inter¬ 
nal latent load and/or the outdoor latent load 
decreases, the space relative humidity decreases If 
humidity is to be maintained, rehumidifying is re¬ 
quired in addition to reheat This was described 
previously under “Spray Process, Heating and 
Humidifying ’ 


figure 59 illustrates the psychrometrics of reheat 
control The solid lines represent the process at 
design load, and the broken lines indicate the 
resulting process at par tial load The RSHF value, 
plotted from room design conditions to point. (2), 
must be calculated for the minimum practical room 
sensible load The room thermostat then con¬ 
trols the temperature of the air leaving the reheat 
coil along line (1-2) This type of control is applica¬ 
ble for any RSHF ratio that intersects line (1-2) 

If the internal latent loads decrease, the resulting 
room conditions ar e at point (5), and the new RSHF 
process line is along line (2-3). However, if hu¬ 
midity is to be maintained within the space, the 
reduced latent load is compensated by humidifying, 
thus returning to the design room conditions 



Fig 59 — Psychrometrics of Reheai Conirol 
BYPASS CONTROL 

Bypass control maintains the dry-bulb tempera¬ 
ture within the space by modulating the amount of 
air to be cooled, thus varying the supply air tem¬ 
perature to the space fig 60 illustrates one method 
of bypass control when bypassing return- air only 
Bypass control may also be accomplished by 
bypassing a mixture of outdoor and return air 
around the heat transfer equipment. This method 
of control is inferior to bypassing return air only 
since it introduces raw unconditioned air into the 
space, thus allowing an increase in room relative 
humidity 
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DESIGN 
SUPPLY COND 


tad P 


AIR 

BYPASSED 
AROUNO APPARATUS 


-NEW t adp 


OUTDOOR 
DESIGN -y 


NEW GSHF DUE 
TO CHANGE OF 
MIXTURE COND ^ 


-MIXTURE 

CONDITIONS 


j '-DESIGN RSHF 

- NEW RSHF LINE WITH 
REDUCEO ROOM 
SENSIBLE HEAT 

-MIXTURE OF BYPASSED AIR 
AND AIR THRU DEHUM10IFIER 


DRY-BUL8 TEMPERATURE 


Tig. 60 - Psychrometrics or Bypass Control With Return Air Only 


A i eduction in room sensible load causes the 
bypass control to reduce the amount of air thru the 
dehumidifier This reduced ait quantity results in 
equipment operation at a lower apparatus dew¬ 
point Also, the air leaves the dehumidifier at a 
lower temperature so that there is a tendency to 
adjust lot a decrease in sensible load that is pro¬ 
portionately gi eater than the decrease in latent 
load 

Bypass control maintains the room dry-bulb tem¬ 
perature but does not prevent the relative humidity 
from rising above design With bypass control, 
therefore, increased relative humidity occurs under 
conditions of decreasing room sensible load and 
relatively constant room latent load and outdoor 
air load 

The heavy lines in Fig. 60 represent the cycle for 
design conditions The light lines illustrate the 
initial cycle of the air when bypass control first 
begins to function. The new room conditions, mix¬ 
ture conditions and apparatus dewpoint continue 


Air Conditioning Company 


to change until the equilibiium point is reached. 

Point (2) on Figs 60 and 61 is the condition of 
air leaving the dehumidifier This is a result of 
a smaller bypass factor and lower apparatus dew-, 
point caused by less air thru the cooling equipment 
and a smaller load on the equipment Line (2 - 5 • 4) 
represents the new RSHF line caused by the reduced 
room sensible load Point (?) falls on the new 
RSHF line when bypassing return air only. 

Bypassing a mixture of outdoor and return air 
causes the mixture point (1) to fall on the GSHF 
line, Fig 60 The air is then supplied to the space 
along the new RSHF line (not shown in Fig 60) at 
a higher moisture content than the air supplied 
when bypassing return air only Thus it can be 
-r eadily observed that h u midity c ontrol rs further 
hindered with the introduction of unconditioned 
outdoor air into the space 

VOLUME CONTROL 

Volume control of the supply air quantity pro 
vides essentially the same type of control that results 
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from bypassing return air around the heat transfer 
equipment, Fig 60 However, this type of control 
may produce problems in air distribution within 
the space and, therefore, the required air quantity 
at partial load should be evaluated for proper air- 
distribution 



Fig 61 — Schematic Sketch of Bypass Control 
With Bypass of Reiurn Air Only 

ON-OFF CONTROL OF AIR HANDLING EQUIPMENT 
On-off control of aii handling equipment (fan- 
coil units) results in a fluctuating room temperature 
and space relative humidity During the “off” op¬ 
eration the ventilation aii supply is shut off, but 
chilled water continues to flow thru the coils This 
method of control is not recommended for high 
latent load applications, as control of humidity may 
be lost at reduced room sensible loads 

ON-OFF CONTROL OF REFRIGERATION EQUIPMENT 
On-off control of refrigeration equipment (large 
packaged equipment) results in a fluctuating room 
temperature and space relative humidity During 
the 'ofT operation aii is available for ventilation 
purposes but the coil does not provide cooling 
Thus, any outdoor air in the system is introduced 
into the space unconditioned Also the condensed 
moisture that remains on the cooling coil, when the 


refrigeration equipment is turned off, is re-evapo¬ 
rated in the warm air stream. This is known as 
re-evaporation. Both of these conditions increase 
the space latent load, and excessive humidity re¬ 
sults This method of control is not recommended 
for high latent load applications since control of 
humidity may be lost at decreased room sensible 
loads 

REFRIGERATION CAPACITY CONTROL 

Refrigeration capacity control may be used on 
either chilled water or direct expansion refrigera¬ 
tion equipment Partial load control is accom¬ 
plished on chilled water equipment by bypassing 
the chilled watei around the air side equipment 
(fan-coil units) Direct expansion refrigeration 
equipment is controlled either by unloading the 
compressor cylinders or by back pressure regulation 
in the refrigerant suction line. 

Refrigeration capacity control is normally used 
in combination with bypass or reheat control When 
used in combination, results are excellent. When 
used alone, results are not as effective.. For example, 
temperature can be maintained reasonably well, but 
ie>ative humidity will rise above design at partial 
load conditions, because the latent load may not 
i educe in proportion to the sensible load 

PARTIA1 LOAD CONTROL 

Generally, reheat control is more expensive but 
provides the best control of conditions in the space 
Bypass control, volume control and refrigeration 
capacity control provide reasonably good humidity 
contiol in average or high sensible heat factor 
applications, and poor humidity control in low 
sensible heat factoi applications On-off control 
usually Jesuits in the least desirable method of 
maintaining space conditions However, this type 
of conti ol is frequently used for high sensible heat 
factoi applications with reasonably satisfactory 
results 
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TABLE 65- APPARATUS DEWPOINTS 


ROOM 
CONDITIONS 
PB[ RH 1 WB~ W 
(F) (%)j (F) j (gr/lb) 

20 62 7 42 0 

25 65 52 7 

__ l __ 

30 67 3 63 6 

35 69 3 | 74 2 

i 

• i " 

40 71 2 84 8 

90 45 73.0 95.5 

50 74 9 106 4 

55 76 7 117 5 

60 78 4 128 4 

65 80 0 139 6 


EFFECTIVE SENSIBLE HEAT FACTOR 
AND APPARATUS DEWPOINT* 


1.00 
43.5 

96 

41 

92 

39 

90 

37 

88 

35 

86 

32 

84 

29 

82 

24 

1.00 

96 

92 

88 

84 

82 

80 

78 

49.6 

48 

46 

44 

41 

39 

36 

32 

1.00 

92 

87 

83 

80 

76 

74 

.72 

54.5 

52 

50 

48 

46 

42 

38 

34 

1.00 

92 

85 

81 

76 

73 

71 

69 

58.8 

57 

55 

53 

50 

48 

45 

42 

1.00 

92 

33 

78 

74 

69 

66 

63 

62.4 

61 

59 

57 

55 

52 

48 

44 

I 00 

92 

82 

76 

.70 

66 

62 

60 

65.8 

65 

63 

61 

59 

56 

52 

49 

1.00 

.92 

78 

68 

64 

60 

58 

56 

68.9 

68 

66 

63 

61 

58 

56 

53 

1 00 

92 

76 

68 

64 

57 

.54 

.52 

71.6 

71 

69 

67 

66 

62 

59 

57 

1 00 

86 

68 

60 

56 

52 

50 

.48 

74.2 

73 

71 

69 

67 

64 

62 

59 

1 00 

75 

68 

62 

55 

.50 

47 

45 

76.8 

75 

74 

73 

71 

69 

66 

64 

1 00 

78 

66 

60 

52 

47 

43 

41 

tmmmm 

74 

72 

69 

66 


ROOM 

CONDITIONS 

db[rh wb| w 

(F) (%)| (F) 

45 66 7 73.5 

50 68 3 81.9 

55 69 8 90 2 

82 60 71 3 98 5 

65 72 8 107 0 

70 74 2 115 5 


90 - 80 F DB 


EFFECTIVE SENSIBLE HEAT FACTOR 
AND APPARATUS DEWPOINT* 


ESHF 

1.00 

91 

87 

80 

.75 

72 

68 

65 

63 

ADP 

58.5 

57 

56 

54 

52 

50 

46 

4. 

53 

ESHF 

1 00 

90 

80 

.74 

.70 

.64 

62 

60 

.,59 

ADP 

61.5 

60 

58 

56 

54 

50 

47 

42 

37 

ESHF 

100 

90 

83 

.74 

68 

64 

61 

58 

56 

ADP 

64.2 

63 

62 

60 

58 

56 

54 

50 

44 

ESHF 

1 00 

92 

76 

68 

.63 

.59 

56 

54 

52 

ADP 

66.7 

66 

64 

62 

60 

58 

55 

52 

,44 

ESHF 

1.00 

86 

71 

63 

5a 

54 

52 

51 

.49 

ADP 

69.1 

68 

66 

64 

62 

60 

58 

56 

51 

ESHF 

1 00 

.80 

71 

.65 

60 

54 

.51 

.48 

;46 

ADP 

71.2 

70 

69 

68 

67 

65 

63 

60 

56 


35 

62 5 

55 2 

ESHF 

ADP 

40 

64 2 

63 2 

ESHF 

ADP 

45 

65 9 

71 2 

ESHF 

ADP 

50 

67.5 

79 0 

ESHF 

ADP 

— 




55 

59.0 

87 4 

ESHF 

ADP 

60 

70 5 : 

95 4 

ESHF 

ADP 


84 

.81 77 .75 

73 .71 

45 

43 39 36 

32 .21 

82 

.78 .75 72 

69 \67: 

49 

47 45 41 

36 I® 

83 

78 .74 70 

67 

54 

52 50 47 

43 

.80 

74 .70 66 

62 JoO; 

57 

55 53 50 

45 ;38 



mm 
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LOAD ESTIMATING 


79-72 F DB 


ROOM 

CONDITIONS 


(F) (gr/lb) 


TABLE 65—APPARATUS DEWPOINTS (Continued) 


EFFECTIVE SENSIBLE HEAT FACTOR 
AND APPARATUS DEWPOINT* 



52 50 ^8 
59 57 i 53- 



ROOM 

C ONDITIONS 

h[ wb ~~"w 

« (F) (gr/lb) 


35 58 9 467 

40 60 4 53 7 

45 61 9 60 4 

50 63 4 67 4 

55 64 9 74 0 

60 66 2 80 9 1 

65 67.6 87 6 1 

70 68 9 94 6 E 


20 53 2 25 7 


25 54 8 j 32.1 


30 56 5 38 5 


35 58 1 45 2 


40 59.6 51 8 


EFFECTIVE SENSIBLE HEAT FACTOR 
AND APPARATUS DEWPOINT* 


ESHF 

1.00 

96 

91 

.87 

..84 

.81 

79 

.77 

74 

ADP 

46 3 

45 

43 

41 

39 

37 

34 

31 

21 

ESHF 

1.00 

96 

89 

84 

81 

78 

.76 

72 

.70 

ADP 

49 9 

49 

47 

45 

43 

41 

39 

32 

?2 

ESHF 

1,00 

.94 

86 

81 

77 

74 

71 

69 

67 

ADP 

53 2 

52 

50 

48 

46 

44 

40 

37 

31 

ESHF 

1 00 

.93 

83 

77 

73 

69 

67 

65 

.63 

ADP 

56 2 

55 

53 

51 

49 

46 

43 

40 

32 

ESHF 

1.00 

94 

82 

75 

.70 

67 

65 

62 

:60 

ADP 

58.7 

58 

56 

54 

52 

50 

48 

44 

.38 

ESHF 

1 00 

90 

77 

70 

66 

62 

.60 

.58 

?57> 

ADP 

61.1 

60 

58 

56 

54 

52 

49 

46 


ESHF 

1.00 

84 

72 

.65 

61 

.58 

.56 

54 

.53 

ADP 

63.4 

62 

60 

58 

56 

54 

52 

48 

'43 

ESHF 

1 00 

80 

67 

.60 

56 

54 

52 

51 

50 

ADP 

65.5 

64 

62 

60 

58 | 

56 

54 

52 

49 



55 64 0 71 5 


60 65.3 77 9 

65 66 7 84 8 


68 0 91 2 


35 55 


40 57.3 46.7 


45 58,7 527 


60 1 58 8 


55 61,4 64 4 


62 7 70 2 ESHF L00l .89i 79 72 ,68 .65, .63 
ADP 57.3! 56 i 54: 52 50 48.' 46 



:SHF| 1.00 94 87 82 79 76 .74 ,71 
ADP I 49.5 48 46 44 42 40 38 32 



See page 147 foe notes. 
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TABLE 65-APPARATUS DEWPOINTS (Continued) 


72 - 55 F DB 


ROOM 

CONDITIONS 

EFFECTIVE SENSIBLE HEAT FACTOR 

AND APPARATUS DEWPOINT* 

DB 

RH 

IEZ0I 

HOI 

(F) 

{%} 

m 

M51 

72 

65 

64 0 

76 3 

ESHF 

ADP 

1.00 

59.5 

84 

58 

73 j 67 

56! 54 

i 

.63 

52 

61 

50 

59 | .58 
48 1 47 

1 



65 2 

82 3 

ESHF 

ADP 


80 ! 
60 | 

69 j 62 
58 i 56 

59 

54 

56 
51 i 

54 |.53 ' 
48 ( 44 



20 

49 9 

21 6 

ESHF 

ADP 

1.00 

27.6 

98 

26 

96 

24 

94 

22 

93 

21 

■ 

H 





ESHF 



94 

92 

90 

.88 




25 

51 5 

27.0 

ADP 


i 

29 

27 

25 

22 







ESHF 

1.00 

98 

94 

91 

.88 

.86 

84 

82 


30 



ADP 

37.1 

36 

34 

32 

30 


25 

20 





ESHF 

1.00 

97 

93 

89 

86 


82 

80 

78 

35 

54 4 


ADP 

41.1 

40 

30 

36 

34 

m 

30 

27 

22 




ESHF 

1 00 

95 

90 

86 

83 

80 

78 

.76 

74 




ADP 

44.5 

43 

41 

39 

37 

35 

32 

29 

22 




ESHF 


93 

87 

82 

79 

77 

75 

73 

71 

45 



ADP 

47.7 

46 

44 

42 

40 

38 

36 

33 

27 




ESHF 

1.00 

92 

84 

80 

76 

74 

71 

69 

,67 

50 



ADP 

50.5 

49 

47 

45 

43 

4T 

38 

35 

25 




ESHF 

1.00 

93 

83 

77 

73 

71 

68 

66 

.64 

55 

59 7 

60.1 

ADP 

53.1 

52 

50 

48 

46 

44 

42 

38 

32 




ESHF 

1 00 

89 

79 

73 

69 

66 

64 

62 

61 

60 



ADP 

55.4 

54 

52 

50 

48 

46 

43 

40 

36 




ESHF 

1.00 

93 

78 

71 

66 

63 

61 

59 

58 

65 

62.2 


ADP 

57.7 

57 

55 

53 

51 

49 

47 

44 

40 




ESHF 

1.00 

90 

.74 

66 

61 

59 

57 

56 

55 

; 70 



ADP 

59.8 

59 

57 

55 

53 

51 

49 

47 

45 



82 5 

ESHF 

1.00 

88 

.70 

62 

57 

55 

53 

.52 

.51 



ADP 

61.7 

61 

59 

57 

55 

53 

51 

49 

44 




ESHF 

1.00 

87 

.73 

65 

60 

54 

51 

49 

48 

80 

65 7 

88 0 

ADP 

63.5 

63 

62 

61 

60 

58 

56 

53 

49 



93 7 

ESHF 

1 00 

71 

56 

52 

50 

.48 

47 

46 

45 


66 8 

ADP 

65.3 

64 

62 

61 

60 

59 

58 

57 

54 




ESHF 

TOO 

.66 

56 

50 

47 

45 

43 

42 

41 

9G 

67 9 


ADP 

66.9 

66 

65 

64 

63 

62 

61 

60 

56 




ESHF 

1.00 

60 

47 

42 

39 

38 

37 



95 

69 0 

105 0 

ADP 

68.5 

68 

67 

66 

65 

64 

62 







ESHF 

1.00 

95 

84 

77 

73 

70 

68 

66 

65 

60 

56 6 

55 0 

ADP 

50.6 

50 

48 

46 

44 

42 i 

39 

36 

34 

65 

57 7 

59 7 

ESHF 

1.00 

92 

B5 

80 

73 

69 

66 

64 

.62 

ADP 

52.9 

52 

51 

50 

48 

46 

44 

41 

37 

70 

58 9 

64 5 

ESHF 

1.00 

89 

80 

1 76 : 

69 

65 

62 

60 

.58 

ADP 

55.0 

54 

53 

52 

50 

48 

46 

43 , 

37 



69 2 

ESHF 

1.00 

88 

78 

72 

65 1 

61 j 

58 

56 : 

.55 

75 

59 9 

ADP 

56.9: 

56 

55 

54 

52 

50 | 

48 

45 

U! 

80 

51., 0 

73 8 

ESHF 

1.00 

75 ■ 

' 68 

63 

60 

58 j 

55 

53 

: 52 

ADP 

58.7 

57 | 

| 56 

55 

54 

53 j 

51 

48 

46 

85 

62 0 

! 78,6 

ESHF 

1.00 

71 i 

63 

58 

55 

52 [ 

50 

49 


ADP 

60.3 

59 i 

53 

j 57 

56 

: 54 1 

52 

50 




83,2 

ESHF 

1.00 j 

70 : 

58 

; 53 

50 

48 ! 

46 

45 


90 

63 0 

■ ADP 

61.9 1 

61 ! 

60 

59 

58 

57 | 

55 

53 




88,0 

ESHF 

1.00 1 

69 

51 

46 

43 

42 1 

41 



95 

64.0 

ADP 

63.5 | 

63 

621 

61 

60 | 

59 i 

58 i 




ROOM 

CONDITIONS 


DB: 

RH 

WB 

W 


AND 

APPARATUS DEWPOINT* 


(F)|(%) 

(F) 

(gr/lh) 












60 



ESHF 

I 00 

.94 

89 

81 

77 

.74 

m 

m 

,68 



46.0 

45 

44 

42 

40 

38 

m 

is 

28 


65 

53 3 

50.0 

ESHF 

1.00 

91 

86 


74 

.70 

69 

67 

65 


ADP 

48 1 

47 

46 


42 

40 

39 

36 

31 


70 

54 3 

53 9 

ESHF 

1.00 

89 

83 

74 

70 

67 

65 

63 

62 


ADP 

50 1 

49 

48 

46 

44 

42 

40 

37 

34 


75 

55 3 


ESHF 

1.00 

79 

74 

71 

68 

64 

62 

60 

59 

H 

ADP 

52.0 

50 

49 

48 

47 

45 

43 

40 

37 




80 

56 3 

61 7 

ESHF 

1.00 

85 

76 

70 

m 

R| 

59 

57 

56 



ADP 

53.8 

53 

52 

51 

_ 

H 


46 

44 

41 




65.5 

ESHF 

1 00 

75 

67 


m 



53 



ADP 

55.4 

54 

53 


1 

Q 


45 





69 4 

ESHF 

1.00 

72 

62 

57 

54 

52 

50 

49 



ADP 

57.0 

56 

55 

54 

53 

52 

50 

47 



95 

59 1 

73 5 

ESHF 

1.00 

69 

55 

49 

47 

46 

45 




ADP 

58.5 

58 

57 

56 

55 

54 

52 







60 

47 9 

38 4 

ESHF 

1 00 

93 

89 

85 

80 

77 

75 

73 

•;7T- 


ADP 

41.3 

40 

39 

38 

36 

34 

32 

29 

m 


65 

48 8 

41 4 

ESHF 

1.00 

91 

86 

.83 

.78 

74 

72 

70 

.68 


ADP 

43.3 

42 

41 

40 

38 

36 

34 

31 



70 

49.7 

44 6 

ESHF 

1 00 

90 

84 

80 

74 

71 

69 

67 



ADP 

45.2 

44 

43 

42 

40 

38 

36 

33 

.:3L 


75 

50 6 

48 0 

ESHF 

1.00 

89 

82 

74 

69 

66 

.65 

64 

*"63 

55 

ADP 

47.1 

46 

45 

43 

41 

39 

37 

36 

>34 

80 

51 5 

51 2 

ESHF 

1.00 

88 

79 

74 


C * 



6u 



ADP 

48.8 

48 

47 

46 

44 

42 

40 

39 



85 

52 4 

54 5 

ESHF 

1.00 

77 

.70 

66 

63 

60 

58 

57 



ADP 

50.4 

49 

48 

47 

46 

44 

42 

40 



90 

53 2 

57 7 

ESHF 

1.00 

76 

67 

6! 

.58 

55 

54 

.53 



ADP 

52.0 

5! 

50 

49 

48 

46 

44 

41 



95 

54 2 

61.2 

ESHF 

1.00 

69 

58 

54 

51 

49 





ADP 

53.6 

53 

52 

51 

50 

48 





‘The values shown in the gray areas indicate the lowest effective 
sensible heat factor possible without the use of reheat This limiting 
condition is the lowest effective sensible heot factor line that inter 
sects the saturation curve Note that the room dewpoint is equal to 
the required apparatus dewpoint for an effective sensible heat factor 
Of I 0 


NOTES FOR TABLE 65: 

I For Room Conditions Not Given; The apparatus dewpoint may 
be determined from the scale on the chart, or may be calculated 
as shown in the following equation: 

] + .628 W ? d e ] 

(f rm iadp) 


This equation in more familiar form is: 


ESHF = 


_ 0-244 (t rm — f C( jp) _ 

0 244 (t rm -t adp ) + — (W rm - W adp ) 
P 7000 


(Conf J 
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PART 1 LOAD ESTIMATING 


where Y/ rm =room moisture content, gr/lb of dry air 

W ot / p = moisture content at apparatus dewpoint, 
gr/lb of dry oir 

frm =room dry-bulb temperature 

ladp — apparatus dewpoint temperature 

0 244 = specific heat of moist air at 55 F dewpoint, 
Btu per deg F per lb of dry air 

1076 — average heat removal required to condense 
one pound of water vapor from the room air 


7000 — grains per pound 

2. For High Elevations. For effective sensible heat factors at high 
elevations, see Table 66 

3 For Apparatus Dewpoint Below Freezing. The latent heat of 
fusion of the moisture removed is not included in the calculation of 
apparatus dewpoint below freezing or in the calculation of room 
load, in order to simplify estimating procedures. Use the same 
equation as in Note 1 The selection of equipment on a basis of 
16 to 18 hour operating time provides a safety factor large enough 
to cover the omission of this latent heat of fusion which is a small 
part of the total load 



TABLE 66-EQUIVALENT EFFECTIVE SENSIBLE HEAT FACTORS FOR VARIOUS ELEVATIONS* 


For use with sea level psychrometric chart or tables 


Effective 



Elevation (Feet) and Barometric Pressure (Inch 

ei of Hg) at Installation 



Factor from Air 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

10000 

Conditioning 
Load Estimate 

(28.86) 

(27.82) 

(26.82) 

(25.84) 

(24.89) 

(23.98) 

(23 09) 

(22.12) 

(21.39) 

(20.57) 


Equivalent Effective Sensible Heat Factor Referred to a Sea 

Level Psychromelrie Chart or Tables 

95 

..95 

95 

..95 

.96 

96 

.96 

96 

.96 

.96 

,96 

90 

90 

91 

91 

.91 

92 

92 

92 

92 

93 

93 

.85 

.85 

.86 

.86 

.87 

.87 

.88 

.88 

.88 

.89 

.89 

.80 

.81 

81 

.82 

82 

83 

83 

84 

84 

85 

.85 

75 

76 

76 

77 

78 

78 

79 

.80 

.80 

81 

81 

70 

71 

72 

.72 

73 

74 

75 

75 

76 

77 

77 

.65 

.66 

.67 

.68 

.68 

.69 

70 

.71 

.71 

.72 

.73 

60 

.61 

62 

.63 

64 

64 

65 

66 

67 

68 

69 

55 

56 

.57 

.58 

59 

60 

.61 

61 

62 

63 

64 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

.57 

.58 

.59 


*Values obtained by use or equation 

1 

ESHFe= ( pi? 0 —eshf ) , 1 

(Pol (ESHF) 

Where p 0 = barometric pressure at sea level 

pi ** barometric pressure at high elevotion 
ESHF =ESHF obtained from air conditioning load estimate 
E5HF e = equivalent ESHF referred to a sea level 
psychrometric chart or Table 66 

NOTES FOR TABLE 66: 

1 The required apparatus dewpoint for the high elevation is deter¬ 
mined from the sea level chart or Table 65 by use of the equivalent 
effective sensible heot factor. The relative humidity and dry-bulb 
temperature must be used to define the room condition when using 
this table because the above equation was derived on this basis 
The room wet-bulb temperature must not be used because the wet- 


ouib temperature corresponding ro ony particular conaihon, 
example, 75 F db, 40% rh, at a high elevation is lower (except 
for saturation) than that corresponding to the same condition (75 F 
db, 40% rh) at sea level For the same value of room relative 
humidity and dry-bulb temperature, and the same apparatus dew 
point, there is a greater difference in moisture content between 
the two conditions at high elevation than at sea level Therefore, 
a higher apparatus dewpoint is required at high elevation for a 
given effective sensible heat factor 

2 Air conditioning load estimate (See Fig 44) The factors 1.08 and 
68 on the air conditioning load estimate should be multiplied by 

(pi) 

the direct ratio of the barometric pressures J Using this method, 

it is assumed that the air quantity (cfm) is measured at actual con’ 
ditions rather than at standard air conditions. The outdoor and 
room moisture contents, grains per pound, must also be corrected 
for high elevations.. 

3 Reheat—Where the equivalent effective sensible heat factor is 
lower than the shaded values in Table 65, reheat is required 
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ABBREVIATIONS SYMBOLS 


adp 

apparatus dewpoint 

BF 

bypass factor 

(BF) (OALH) 

bypassed outdoor air latent heat 

(BF) (OASH) 

bypassed outdoor air sensible heat 

(BF) (OATH) 

bypassed outdoor air total heat 

B tu/hr¬ 

British thermal units per hour 

ef m 

cubic feet per minute 

db 

dry-bulb 

dp 

dewpoint 

ERL H 

effective room latent heat 

ERSH 

effective room sensible heat 

ERTH 

effective room total heat 

ESHF 

effective sensible heat factor 

F 

Fahrenheit degi ees 

fpm 

feet per minute 

gpm 

gallons per minute 

gr/lb 

grains per pound 

GSHF 

grand sensible heat factor 

GTH 

gr and total heat 

GTHS 

grand total heat supplement 

OALH 

outdoor air latent heat 

o '• <: f T 

outdoor air sensible lira! 

OATH 

outdoor air total heat 

rh 

relative humidity 

RLH 

room latent heat 

RLHS 

room latent heat supplement 

RSH 

room sensible heat 

RSHF 

room sensible heat factor 

RSHS 

room sensible heat supplement 

RTH 

room total heat 

Sat Eff 

saturation efficiency of sprays 

SHF 

sensible heat factor 

TLH 

total latent heat 

TSH 

total sensible heat 

wb 

wet-bulb 


c/wifc, bypassed air quantity around apparatus 
cfm dl dehumidified air quantity 

cfm,„ outdoor air quantity 

cfm ra return air quantity 

cfrn sa supply air quantity 

h specific enthalpy 

h t , (fp apparatus dewpoint enthalpy 

lt ls effective sui lace temper ature enthalpy 

h c „ entering air enthalpy 

h kl leaving air enthalpy 

h m mixture of outdoor and return air 

enthalpy 

h tm outdoor air enthalpy 

h im r oom air enthalpy 

h sn supply air enthalpy 

l temperature 

t n(tl , apparatus dewpoint temperature 

t r(lb entering dry-bulb temperature 

t IA effective surface temperature 

t fM entei ing water temperature 

t eilb entering wet-bulb temperature 

t, db leaving dry-bulb temperature 

t, K leaving water temperature 

l IILh leaving wet-bulb temperature 

t„ mixture of outdoor and return air 

dry-bulb temperature 

t„ a outdoor air dry-bulb temperature 

l uu room dry-bulb temperature 

t sa supply air dry-bulb temperature 

W moisture content or specific humidity 

W adp apparatus dewpoint moisture content 

W ea entering air moisture content 

W ct effective surface temperature moisture 

content 

W, a leaving air moisture content 

W m mixture of outdoor and return air 

moisture content 

W ua outdoor air moisture content 

W na room moisture content 

W ta supply air moisture content 
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PARI 1 LOAD ESTIMATING 


PSYCHROMETRIC FORMULAS 


A, AIR MIXING EQUATIONS (Outdoor and Return Air) 
t — f^/ ? rc oa X t oa ) -f- (cfm ra X t rm ) 


c f m ta 

u _ ( c f m oa x / 4 J 4 (cfm ra X A rm ) 

,£ m---- 

cfm sa 


(1) 


( 2 ) 


TSH - 1 08 X cfm aa + x (t edb - t ldb )* * (22) 

TLH - 68 Xcfm da tx(W ea -W la )** (23) 
GTH — 4 45 X c/m d 4 x (h ea - k la )** (24) 

C SENSIBLE HEAT FACTOR EQUATIONS 


by _ ( c f m oa X FE oa ) 4 (cfm ra X IT 7 rm ) /CM 

— - - —-(3) 

B COOLING LOAD EQUATIONS 

ERSH = RSH + (BF) (OASH) + RSHS* (4) 
ERLH = RLH + (BF) (OALH) 4 RIHS* (5) 


/ ’"RTH = ERLH + ERSH (6) 

TSH = RSH 4-OASH + RSHS* (7) 

TLH = RLH 4 OALH -f RLHS* (8) 

GTH = TSH 4- TLH 4- GTHS* (9) 

RSH = 1 08 f x cfm ga X (£ m — t sa ) (10) 

RLH = „68f X cfm aa x (W rm - W ta ) (11) 

RTH = 4.45-f X c\m ta x (h rm - h 3a ) (12) 

RTH — RSH f RLH (13) 

OASH = 1.08 X cfm oa (t oa - t m ) (14) 

OALH = 68 X cfm oa (W oa — W rm ) (15) 

OATH — 4.45 X cfm oa (h oa - h rm ) (16) 

OATH = OASH + OALH (17) 


(BF) (OATH) = (BF) (OASH) + (BF) (OALH) 

(18) 

ERSH = I 08 x cfm da % x (t rm - t adp ) (1 - BF) 

( (19) 

ERLH = .68 X cfm^X X (W m - W adp ) (1 - BF) 

(20) 

ERTH = 4.45 X cfm da % X (h m - h aip ) (1 - BF) 

_ (21) 

•RSHS, RIHS and GTHS are supplementary loads due to 
duct heat gain, duct leakage loss, fan and pump horsepower 
gains, etc. To simplify the various examples, these sup¬ 
plementary loads have not been used in the calculations. 
However, in actual practice, these supplementary loads should 
be used where appropriate Chapter 1 gives the values for the 
various supplementary loads Fig 1, Chapter 1, illustrates the 
method of accounting for these supplementary loads on the 
air conditioning load estimate 

t Item H, page 151 , gives the derivation of these air constants 
JWhen no air is to be physically bypassed around the condi¬ 
tioning apparatus, cfm da — cfm ga 


RSHF = 


ESHF = 


GSHF = 


RSH 

RSH 

RSH + RLH 

RTH 

ERSH 

ERSH 

ERSH + ERLH 

ERTH 

TSH 

TSH 

TSH 4 TLH 

GTH 


(25) 

(26) 
(27) 


D BYPASS FACTOR EQUATIONS 


tut* — 


jgp __ l tdb ' i adp . _BF) '_ ^ edi> ^ ldb 


BF = 


tedb tadp 

w la - w. 


tedb t 


a lip 


(28) 


W en - W, 


dip . _ BF) — ^ea Wla 


a dp 


W ea -~w adp 


ft In h r 


BF = —^--2^2-; (1 - BF) 


_ hea hi a 


h,n-h 


adp 


hnn-h 


(29) 

(30) 


adp 


E. TEMPERATURE EQUATIONS AT APPARATUS 

t ** _ ( c f m oa X t oa ) 4' (cffflra. X t rm ) /oi\ 

t ed b - (31) 

cfm 3a X 


tldb t adp 4" BF (tgdb * tadp) 


(32) 


t ew b and t lwb coriespond to the calculated values 
of h ea and h la on the psychrometric chart, 


u ** - ( c f m oa X h oa ) + (cfm ra X h rm ) 

' l ea - 

cfm aa X 

hia h adp + BF (h ea h adp ) 


(33) 

(34) 


TEMPERATURE EQUATIONS FOR SUPPLY AIR 
RSH 




1.08 (cfm ta %) 


(35) 


••When t m W m and h m are equal to the entering conditions 
at the cooling apparatus they may be substituted for t gdb , 
W ga and h respectively 
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G AIR QUANTITY EQUATIONS 
ERSH 


cfm dl = 


c f Tn da ~ 


cfm da ~ 


Lf™ da X - 


cfm da X = 


cfm da X — 


I 08 X (1 - BF) (t rm - t adp ) 

_ ERLH _ 

68 X (1 — BF) (W rni -W odp ) 

_ ERTH _ 

4 45 X (1 - BF) (h rm - h adv ) 

TSH 

1 08 (t edb t ]db ) 

TLH 


68 (W ea - W la ) 
GTH 

4 .45 (h ca -- h,„) 


(36) 

(37) 

(38) 

(39) 

(40) 

(41) 


tf'tH-ba c f Tn sa c f m da .-V El : ' 

Note: cfm da will be less than cfm aa only wherv' 
air is physically bypassed around the 
conditioning apparatus. 


cfm sa - cfm on 4- cfrn ra 

H. DERIVATION OF AIR CONSTANTS 
60 


(46) : 


1.08 = 244 X 


13.5 


wheie 244 = specific heat of moist air at 
70 F db and 50% rh, 
Btu/(deg F) (lb dr y air) 

60 = mift/hr 

13 5= specific volume of moist aii 
at 70 F db and 50% rh 

68= J^L x i£™ 

13.5 7000 

where 60 = min/hr 

13 5 = specific volume of moist air 
at 70 F db and 50% rh 
1076 = average heat removal re- 
ired to condense one 


RSH 

cfm n ~ ——— -— 

(42) 

l — 

pound of water vapor from 

1 .08 X (t,in t S a) 


the room air 



7000 = grains per pound 

RLH 

(43) 

, ,, 60 

68 X (W, m - W 3a ) 


13 5 



where 60 = min/hr 

RTH 

(44) 

13 5 = specific volume of moist air 

C/m " 4 45 X (h rm — h ta ) 

at 70 F db and 50% rh 
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G AIR QUANTITY EQUATIONS 

cfm da = 


c f m bo = cfm sa - cfnifo 


cfm c 


if™ da = 


lf™dat = 


if™ daX = 


lf™dal = 


c fm slL = 


cf?n sa = 


cfm sa = 



ERSH 


(36) 

Note: tfm da will be less than cfm a 
air is physically bypassed 
conditioning apparatus 

1 08 X (1 

- BF) (t rm - 

^ adp) 


ERLH 


(37) 

lfm S a = if™ on + lf m ra 

.68 X (1 - 

- BF) (W rm - 

W aAv ) 

H DERIVATION OF AIR CONSTANTS 

1 08 - 244 X 60 

13 5 



ERTH 


(38) 

4 45 X (I - 

- BF) (h rm - 

dp) 

where 244 = specific heat of 


(*5) 


(46) 


TSH 


^ A8 (t edb — t tdb ) 
TLH 

68 (W ea - PPJ 

GTH 
4 45 (7z 0 „ - 

RSH 

108 x (%. m - * M ; 

RLH 

68 X (FF„„ - FF S J 
RTH 

1 45 X (h rm - /r a J 


(39) 

(40) 

(41) 

(42) 

(43) 

(44) 


68 = 


60 


13 5 
where 


70 F db and 50% rh, 
Btu/(deg F) (lb dry air) 

60 = m in/hr 

13 5 = specific volume of moist air 
at 70 F db and 50% rh 

x 1076 
7000 

60 = min/hi 

13 5= specific volume of moist air 
at 70 F db and 50% rh 

1076 = average heat removal re¬ 
quired to condense one 
pound of water vapor from 
the room air 

7000 = grains per pound 


4 45 =■ 


60 


13.5 

where 60 = min/hr 

13 5= specific volume of moist air 
at 70 F db and 50% rh 
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